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Why chemical ecology: emerging dimensions 


T. N. Ananthakrishnan 
Dwaraka 42, Kamdar Nagar, Nungambakkam, Chennai 600034, India 


Over the years chemical ecology as a multidisciplinary field evinced varying interest 
among biologists around the globe, with increased involvement since the sixties and 
seventies, thanks to the sophisticated methods of isolation and identification of the 
concerned chemicals. With its increasing implications in applied research, notably in 
agriculture, horticulture and forestry following the development of useful interactions 
among chemists, biologists and ecologists serving to cement this discipline, the need 
for increased involvementin our universities, notablv the agricultural universities, may 
not be asking for the impossible. This is all the more true in view of chemical ecology 
undergoing a major directional change—a direct consequence of its expansion with 
the contemporary field of molecular biology. It is the timely editorial in science by 
Eisner and Berenbaum (2002) entitled ‘chemical ecology: missed opportunities’, that 
prompted this brief write-up. According to them, ‘the vocabulary of living things is 
overwhelmingly chemical in nature and partnerships between genomic biologists and 
chemical ecologists will likely be extremely synergistic. With only nanograms samples 
of messenger molecules being sufficient for an analysis, the ramification of this field 
has become enormous'. Having had occasion to initiate work in relation to chemical 
ecological aspects governing insect-plant interactions in the eighties, the feeling that 
much needs to be done in this area, cannot be ignored. To add further fillip to this 
need, the founding of the Max Planck Institute very recently for chemical ecology, 
further substantiates the growing recognition awarded to this discipline. While many 
laboratories in this country have been involved in some aspects of this field involving 
phytotoxins, mycotoxins, antibiotics and pharmaceutical aspects, in depth involvement 
in relation to changes in community composition including their cascading effects, 
as well as in relation to host plant resistance and interactions between insects 
and their natural enemies (Ananthakrishnan, 1999), are aspects deserving increased 
consideration. 

It may not be out of place to mention that the foundations for chemical ecology 
as a science was laid by Lavoisier and Louis Pasteur and in a sense therefore, 
chemical ecology has been rediscovered, thanks to an understanding of allelopathic 
and allelochemic interactions, the principles of which are largely used in agriculture. 
In today's scenario several volatiles are known to affect insect communities resulting 
in behavioural diversities, such as that involving pheromones and host plant volatile 
(Ananthakrishnan, 1996). Recent trends also indicate attempts at integration of 
chemical ecology with biotechnology (Degenhardt er al., 2003). Possibilities of 
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changing the metabolic pathways of plants to yield new metabolites which play an 
increasing role in resistance as well as attraction of natural enemies appear bright. 
The production of semiochemicals by plants as a bridging point in the biological 
production of semiochemical by molecular biological techniques is a vision for 
the future. Florkin (1966) in identifying the basic concepts of chemical ecology, 
indicated that, 'in the network of the biochemical continuum, a flow of molecules 
or of macromolecules which can carry a certain quality of information, is taking 
place’. Living organisms as such interact with their immediate environment by 
chemical molecules which are carriers of information. A host of such intra and 
interspecific interactions are known involving sex pheromones, social, alaram, defense 
pheromones, allomones and kairomones. Chemical ecology as such represents a 
turning point in evolution, illustrating a multitude of causal relationships. 

Looking for another angle, in nature, a wide array of toxic substances exists, and 
à wide variety of ways have evolved in their usage. Phytotoxins, mycotoxins and 
antibiotics have been known for a long time and it has also gone on record that 
‘although the first observation of an antibiotic effect was made long ago, the isolation 
and identification of the first antibiotic was delayed partly because of the problem 
of coordinating efforts of biologists and chemists’ (Barbier, 1976). It is in the area 
of chemical defenses of arthropods that considerable work has been done over the 
last three decades, on spider, ant, wasp and centipede venoms (Barbier, 1976) besides 
several plant toxins affecting caterpillars such as cardiac and cyanogenic glycosides, 
so that chemical weaponry has become an inseparable part of chemical ecology. The 
increasing host range of several insects has resulted from their overcoming the diverse 
metabolic pathways, thanks to the array of enzymes. Besides activating the plants' 
own natural defenses to prevent crop diseases and enhancement of several enzymatic 
activities contributing to resistance are well known. Spectacular applications are also 
now known in the pharmacology of marine life (Barbier, 1976), so that the scope of 
investigations in the field of chemical ecology is boundless and remains an enigma! 
Besides the need to understand such multi-impact studies as the combined effects of 
climatic factory, CO», drought, temperature, plant nutrition, will enable prediction of 
how herbivorous insects respond to environmental changes. Variations in susceptibility 
to insect attack have necessarily to be related to the proportion of various terpenoids 
between host species, between populations and within individual trees, so as to enable 
a better understanding of polymorphs, chemotypes or biotypes and even chemical 
races (Harrington and Stork, 1995). In short ‘Nature still remains a gigantic catalogue 
of models and knowledge of such models relies on the close collaboration between 
biologists and chemists’ (Scheur, 1973). 
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Effect of Carbon dioxide fumigation on the survival 
and tissue protein profile of the rice moth, Corcyra 
cephalonica (Stainton) (Lepidoptera: Galleriidae) 


A. Premjith Jinham and S. Sam Manohar Das* 


Department of Zoology, Scott Christian College, Nagercoil 629003, India 


ABSTRACT: First to fifth instar larvae of Corcvra cephalonica were fumigated with 
CO> for durations of 10, 20, 30 and 45 min. Fifth instar larvae which received 
a first dose of fumigation for 30 min, were given an additional, second dose of 
fumigation for varying durations, at 60, 120 and 180 min interval after the first 
fumigation. Fumigated first instar larvae blacked out quickly and revived slowly 
compared to the older instars. Upon revival, the fourth and fifth instar larvae spun 
silken cocoons faster than the first instar. There were significant changes in the 
tissue protein profile of the larvae exposed to the two different fumigation schedules. 
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INTRODUCTION 


Management of Corcyra cephalonica (Stainton) (Lepidoptera: Galleriidae) with 
gamma radiation (Khattak and Jilani, 1985 and Baky and Hasaballa, 1991), mi- 
crowaves (Locatelli and Traversa, 1989) and UV radiation (Singh er al, 1994) 
had been well documented. Fumigation with phosphine, methyl bromide, ethylene 
dibromide and ethyl formate and carbonyl sulphide had already been tried with 
considerable success (Highland er aL, 1984; Rao er aL, 1991; Bowry. 1985 and 
Zettler et al., 1997). Fumigation with carbon dioxide is a common method for control 
of stored grain pests (Suss et al., 199] and White and Jayas, 1993). In the present 
study the effects of CO» fumigation on different larval instars of the rice moth. C. 
cephalonica and changes in the tissue protein profile of the insects, consequent to 
fumigation were assessed. 
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MATERIALS AND METHODS 


C. cephalonica caterpillars were obtained from the Entomological Research Station, 
St. Xaviers College, Palayamkottai and maintained in the laboratory to obtain a fresh 
population of adult moth. The mated females were separately maintained in wire 
netted cages and eggs produced were collected, incubated and upon hatching reared 
on wheat flour and different instars segregated. Each instar was subjected to CO» 
fumigation exactly 24 h after moulting. 


First dose 


The fumigation chamber consisted of three 1 litre conical flasks fitted with two holed 
rubber stoppers. Long glass tubes were introduced into these holes, one of which 
served as the inlet while the other as the outlet. A 25 kg commercial CO» cylinder was 
connected to the first conical flask through a specially designed valve system and the 
conical flasks were serially connected. The tinal outlet was connected to rubber tubing 
that dipped in water to prevent the entry of atmospheric air into the flasks and to reduce 
the amount of CO2 pumped out into the atmosphere. About 10 worms belonging to 
a particular instar were introduced in to each flask and subsequently fumigated for 
known time intervals. 


Second dose 


This consisted of two consecutive fumigation sessions of varying durations with 
different time intervals in between fumigations. 

Worms fumigated for designated periods were removed from the exposure system 
and kept in atmospheric air for revival. Time taken for complete revival was recorded. 
Spinning activity was absent during the exposure and it regained upon revival. Time 
taken for construction of a complete web (cocoon) was recorded. Blackout was 
regarded as the point at which the worms became unconscious. Body movements came 
to a standstill, most worms lost foothold and sprawled laterally. 


Electrophoretic studies 


Electrophorogram of tissue proteins of fifth instar C. cephalonica was analysed 
through SDS PAGE of control, 45 min CO» single fumigation and double fumigation, 
with two sessions of 30 min each with an interval of 180 min. 

The treated larvae were pooled in lots of 10 mg, washed with double distilled 
water and then with insect Ringer solution to remove the debris. Larvae were crushed 
in a glass homogeniser with Teflon pestle in 150 ul of homogenizing buffer (Tris- 
EDTA, pH 6.8) Homogenization was done in an ice-bath under freezing conditions. 
Every sample was homogenized separately. Homogenised samples were centrifuged at 
12000 rpm for 15 min at 4°C in a refrigerated centrifuge. Supernatant was taken out 
and mixed with equal volume of sample buffer and stored at —4 °C in a deep freeze. 

Equal volumes of sample buffer containing 0.15 M Tris-HCI- pH 6.8, 10% SDS 
glycerol, 8-mercaptoethanol and traces of bromophenol blue were added to the 
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TABLE 1. Effect of CO» fumigation on C. cephalonica 


Instar Duration of fumigation Black-out time Revival time Spinning time 


(min) (sec) (sec) (sec) 
10 152+8 389 + 26 707 + 35 
I 20 93 + 12 471 + 38 712 x 65 
30 47 T8 601 + 50 744+ 22 
45 4448 312 € 21 SETS 
10 222 + 38 232 +29 550 + 38 
I! 20 140 + 21 322 + 34 620 + 38 
30 108+ 15 199 + 19 220 + 30 
45 90 + I4 165 + 17 1 HE T 
10 303 + 32 241 + 37 465 + 34 
Il 20 194 + 22 297 + 42 553 + 47 
30 157 +27 125 + 29 208 + 41 
45 110 +24 137 +27 123 + 26 
10 308 + 40 173 + 48 393 + 35 
IV 20 195+ 19 220 + 23 423 + 39 
30 198 + 22 120 + 28 195 + 50 
45 155 + 30 164 + 46 205 + 61 
10 387 + 25 147417 423 + 23 
V 20 216 + 33 135 + 24 315 + 35 
30 207 +21 87 + 10 142 x 17 
45 155 € 21 97 x9 130 + 18 


supernatant samples, boiled for 2 min and kept on ice immediately to prevent 
denaturation by overheating. Samples were again centrifuged at 8000 rpm for 5 min 
at 4°C before loading into the well in the precasted gel. 


Protein concentration of whole tissue was determined following the method of 
Lowry et al. (1951). Bovine serum albumin served as the standard protein. Protein 
determination was done to standardize the amount of tissue to be used for the 
preparation of samples for electrophoretic studies. 


SDS-PAGE (Sodium dodecyl sulphate polyacrylamide gel electrophoresis) was 
carried out following the method of Laemmli (1970) using 8% separating and 5% 
stacking slab gels. Each well was loaded with 50 al sample. A constant current of 
60 volts for stacking and 120 volts for running gel were used for 3 h. Gels were stained 
overnight in Coomassie brilliant blue R 250. After the run, gels were destained, stored 
in 7% acetic acid, photographed and subsequently documented in a computerized gel 
documentation unit to calculate the RF values and obtain the different densitometric 
peaks. 
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FIGURE 1. Electrophoretic pattern 


RESULTS AND DISCUSSION 


Black-out time was highest in fifth instar in fumigation for 10 min (387 sec), and the 
lowest (44 sec) in first instar in fumigation for 45 min (Table 1). Older instars resisted 
fumigation, while younger instars were more susceptible. Revival was comparatively 
slower in younger instars while it was much quicker in older instars. First instar larvae 
took longer time for spinning while the fifth instar took the least. In fumigation for 
more than 30 min, spinning was erratic and incomplete with formation of flimsy 
cocoons and the spinning time was considerably less. 

When fumigation was given in two sessions to fifth instar larvae, highest eclosion 
rate (83.3%) was observed, when the second fumigation for 10 min was given after 
one hour interval (Table 2). Eclosion was lowest (16.796) when there were two 
fumigations of 30 min sessions with an interval of three hours. It was evident that in 
double fumigations, the first fumigation seemingly brought about certain deleterious 
physiological changes. which become fixed during the long interval, so that the second 
fumigation became highly effective. 

The electrophoretic pattern (Fig. 1) showed the presence of seven protein peaks with 
RF values ranging from 0.129 to 0.871 in the control worms. The number of peaks 
increased to 8 with RF values ranging from 0.1265 and 0.9878 in single fumigation 


Profile height 


Profile height 


Profile height 
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FIGURE 2. Densitometric scanning of the electrophorogram 


of fifth instar for 45 min, while in double fumigation each of 30 min duration, with 
three hours interval, there were 9 protein peaks with RF values ranging from 0.1265 to 
0.9951 (Fig. 2). Only one protein found in the control remained unchanged in single 
fumigation with a RF of 0.3212, eventhough there is a notable change in the raw 
volume. Two proteins were similar in the two fumigation modes, with RF values of 
0.1265 and 0.8735, with small changes in the raw volume. This indicated a similarity 
in the response of the worms to the two different uypes of fumigation. Sundaramurthy 
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TABLE 2. Effect of second * fumigation with CO» on eclosion rate of 5th 
instar C. cephalonica 


Interval after first dose (min) Duration of second dose (min) Eclosion % 


10 83.3 

60 20 66.7 

30 50.0 

10 50.0 

120 20 33:3 
30 33.3 

10 33.3 

180 20 33.3 
30 16.7 


* All the larvae were given a first dose of fumigation for 30 min. 


and Ahmed (1978); Kajiura and Yamashita (1989) and Sohal and Rup (1998) showed 
that chemical stress produced significant changes in the tissue protein content, with 
increase in the number of protein bands and their relative mobility, indicating synthesis 
of new proteins to combat stress. 
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ABSTRACT: The immature survival, pre-imaginal development and reproductive 
potential of a ladybeetle, Coccinella transversalis Fabricius. were investigated at 20, 
25, 27, 30 and 35°C temperature, using aphid, Aphis gossypii Glover as a prey. 
Rate of development increased with increase in temperature from 20 to 35°C. The 
theoretical lower thermal threshold for development and the thermal constant was 
9.04°C and 245.10 day-degrees, respectively. The pre-imaginal development was 
lowest at 20°C and highest at 35°C. The per cent larval survival, adult emergence 
and growth index also increased with increase in temperature from 20 to 27°C 
and thereafter decreased upto 35°C. Maximum fecundity and percent viability of 
eggs was recorded at 27°C and minimum at 35°C. Thus, 27°C was the optimum 
temperature for the survival, development of immature stages and reproduction of C. 
transversalis. © 2004 Association for Advancement of Entomology 


KEYWORDS: Coccinella transversalis, temperature, survival, development, reproduc- 
tion. fecundity 


INTRODUCTION 


Coccinella transversalis Fabricius is a predaceous ladybeetle native to India and 
abundant in South Asia (Omkar and Pervez, 2000). It is commonly found predating 
on the aphids, Aphis craccivora Koch. Aphis gossvpii Glover and Lipaphis ervsimi 
(Kalt.) in agricultural and horticultural fields (Omkar and Bind, 1993) and is one of 
the important members of the local predator complex. Recent studies on its predatory 
potential and prey-predator interactions revealed its effectiveness as an important 
biocontrol agent for certain aphid pests (Agarwala and Bardhanroy, 1999; Babu, 1999; 
Joshi et al., 1999: Debraj and Singh, 2000; George, 2000; Evans, 2000; Omkar and 
James, 2001; James, 2001). 

Temperature is a crucial factor, which influences the bio-attributes of predaceous 
coccinellids (Ponsonby and Copland, 1996, 1998); being a major determinant in 
the survival and development of immature stages and and reproductive performance 
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(Ponsonby and Copland, 1996, 1998; Jalali er al., 1999: Omkar and Pervez, 2002). 
The studies on the effects of temperature may contribute to effective mass-rearing 
and provide a quantitative basis for predicting development, seasonal growth and 
predatory activity of ladybeetles ( Veeravel and Baskaran, 1996). Such studies may 
also provide some evidence to aid the evaluation of relative competitiveness and 
adaptability of ladybeetles to local temperatures (Frazer and McGregor, 1992). The 
lack of information on the influence of temperature on the survival, development and 
reproduction of C. transversalis prompted us to undertake this study. 


MATERIALS AND METHODS 
Laboratory maintenance 


The larvae and adults of C. rransversalis were collected from agricultural fields 
adjoining the city of Lucknow, India, and brought to the laboratory where the stock 
culture was maintained at 27 + 1 °C and 65 +5% R.H. Mating pairs were kept in glass 
beakers (11 cm height and 7 cm diameter) covered with fine muslin cloths fastened 
with rubber bands. The ladybeetles were fed on A. gossypii infested on bottle gourd 
(Lagenaria vulgaris) twigs. The left over aphids and dried twigs were replaced daily 
with fresh ones to avoid contamination. The eggs were collected daily. 


Effect of temperature on the survival and development of immature stages 


Five sets of one hundred eggs were taken out from the stock and kept in separate 
Petri dishes at five different temperatures viz., 20, 25, 27, 30 and 35 °C and controlled 
humidity (6596 R.H.). After hatching, the incubation period and number of first instars 
were recorded. These were transferred from Petri dishes to glass beakers (diameter 
6.5 cm x height 9.5 cm) and reared on A. gossypii. Sufficient quantity of aphids 
was given to minimize the occurrence of cannibalism. The leftover aphids and dried 
host plant twigs were replaced by fresh ones regularly every twenty-four hours to 
avoid contamination and the consequent mortality. Thereafter, the number of larvae 
surviving after each moult and the duration of each instar were recorded. The number 
of pupae and the pupal period were recorded prior to the emergence of adults. The 
experiment was replicated ten times. The data were subjected to analysis of variance 
(ANOVA) and regression analysis using a statistical package "Statistix 4.1". The 
comparison of means was carried out using Bonferroni's method. The developmental 
rate ( l/developmental period), larval survival (Number of pupae formed x100/ 
Number of first instar larvae hatched), adult emergence (Number of adult beetle 
emerged x 100/ Number of pupae formed) and growth index (Per cent pupation/Mean 
larval duration) of the ladybeetle were calculated. Developmental rate was fitted with 
temperature to obtain the relationship in terms of 1/D = aT + b where, D = 
developmental period, T = temperature, and a and b are regression parameters fitted 
to the observed data. Thereafter, lower thermal threshold for development (—5/a) and 
the thermal constant (1 /a) were calculated. 
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Effect of temperature of reproduction 


Five pairs of newly emerged ladybectles were selected from the laboratory stock and 
kept in glass beakers (diameter 6.5 cm x height 9.5 cm) along with twigs infested with 
A. gossypii. The open ends were covered with fine muslin cloths fastened with rubber 
bands. These were kept in Environmental Test Chambers at five different temperatures, 
i.e, 20, 25, 27, 30, and 35 °C for their lifetime. Dried twigs containing leftover aphids 
were replaced daily with fresh twigs having a sufficient infestation of A. gossypii. 
The eggs laid by the female were counted and separated daily from adults to prevent 
them from cannibalism. The fecundity and egg viability at different temperatures 
were recorded in ten replicates and the data were subjected to analysis of variance 
and comparison of means was carried out using Bonferroni’s method following a 
statistical package "Statistix-4.1". The fecundity was correlated with temperature by 
single polynomial regression analysis and a best fit line was drawn (n = 10). 


RESULTS 
Effect of temperature on the survival and development of immature stages 


The incubation period (F = 108.47; P < 0.001) and the durations of first 
(F = 20.00; P < 0.001), second (F = 30.59; P < 0.001), third (F = 31.30; 
P < 0.001) and fourth (F = 39.65; P < 0.001) instars decreased significantly with 
the increase in temperature from 20 to 35°C (Table 1). The total larval (F = 51.76; 
P < 0.001), prepupal (F = 107.29; P < 0.001) and pupal (F = 47.93; P < 0.001) 
periods decreased significantly with increase in temperature from 20 to 35 ^C. The 
total pupal period also decreased significantly (F = 110.92; P < 0.001). The 
complete development period decreased significantly from 21.56+2.18 to 10.69 1.08 
days (F = 124.37; P « 0.001). Figure | exhibits a linear relationship between 
developmental rate and temperature. The regression equation was Y = —0.0369 + 
0.00408 X (r^ = 0.99; P < 0.001). From this equation the theoretical lower threshold 
for development was found to be 9.04 ^C and the thermal constant was 245.10 day- 
degrees. The regression equations in Table 2 show a negative equation for the durations 
of various developmental stages with increase in temperature. Table 3 reveals that the 
ratio of time spent in each instar in relation to total larval period was nearly same 
at each temperature regime. Duration of fourth instar was longest and second instar 
was shortest amongst different instars of C. transversalis and duration of prepupa was 
shortest amongst all life-stages (Fig. 2). 

The per cent larval survival varied from 32.20 + 1.51 to 60.30 + 1.93 (F = 23.38; 
P « 0.001) with increase in temperature from 20 to 35°C. It was maximum at 
27?C and minimum at 20 ^C temperature (Table 4). The first instar larva suffered the 
highest percent mortality, whilst pupa the lowest. The percent adult emergence varied 
trom 42.08 + 3.56 to 87.14 + 1.91 (F = 55.27; P < 0.001) with the increase in 
temperature from 20 to 35 °C and was highest (87.14%) at 27 °C and lowest (42.08%) 
at 35 ^C temperature. The growth index of the ladybeetle varied from 2.06 + 0.11 to 
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FIGURE 1. Best fit line for predicting the development of the immature predator stages of 
C. transversalis at different temperatures, using A. gossypii as prey (1 = 10). 


-e- 35°C 

-a- 30°C 

the 27°C 

5 M50 
45 SK 20°C 


Development Period (in Days) 


I L] LU i LU [j 


Egg First Instar Second Instar Third Instar Fourth Instar Pre Instar Pupa 


Developmental Stage 


FIGURE 2. Developmental period of various life stages of C. transversalis at different constant 
temperatures. 


6.98 + 0.38 (F = 29.70; P < 0.001) with increase in temperature from 20 to 35°C. 
It was highest at 27 °C and lowest at 20°C. 
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TABLE2. Regression equations at different durations pre- 
dicting development of various life immature stages of C. 
transversalis at different temperatures 


Duration of development r? Regressions equations 
Incubation 0.8355 Y = 3.704 — 0.447X 
First instar 0.5363 Y —2.741 — 0.287X 
Second instar 0.579] = 2.496 — 0.275 X 
Third instar 0.6831 Y = 3.109 — 0.352X 
Fourth instar 0.6683 Y = 4.428 — 0.551X 
Total larval period 0.7085 Y = 12.772 — 1.465X 
Prepupa 0.8037 Y = 1.653 — 0.209X 
Pupal 0.7032 Y = 4.108 — 0.398X 
Total pupal period 0.7951 Y = 5.754 — 0.606X 


Total development period 0.8073 Y = 22.231 — 2.518X 


TABLE 3. Ratio of time spent in each instar of C. 
transversalis in relation to total larval period at different 
temperatures 


Ratio of first, second, third and fourth instar 
Temperature periods to the total larval period 


20°C 0.22 : 0.20 : 0.24 : 0.34: 


l 
25?C 0.23 : 0.20 : 0.26 : 0.31 : 1 
27°C 0.23 : 0.19 : 0.25 : 0.33: 1 
30°C 0.23 : 0.21 :0.25:0.31:1 
l 


352C 0.24 : 0.21 : 0.24 : 0.31 : 


TABLE 4. Larval survival, adult emergence, growth index, fecundity and egg viability 
of C. transversalis at different temperatures 


Larval survival Adult Growth 


Temp. Fecundity Egg viability 
(°C) (%) emergence (%) index (eggs) (%) 

20 32.20 + l.Sla — 45.86 € 2.60a 2.06 X 0.11a 370.60 + 13.68e 79.89 + 0.83ab 
25 46.30 41.185 71.37 +1.89b 4.40 + 0.30b 810.30 + 33.09c — 82.83 + 0.90bc 
27 60.30 + 1.93¢ — 87.14 x L91c — 6.98 +0.38d — 1319.80 2 20.71a 90.06 + 1.30d 
30 47.60 41.766 73.76 +2.49b 5.95 x0.34cd 1037.90 + 12.28b 85.554 1.17de 
35 39.30 + 3.48ab 42.08 +3.56a 4.93 +0.47be — 537.90. 9.45d 76.37 + 1.55a 
F-value  23.38* 55.27* 29.70* 375.28* 19.99* 


Values are Mean + SE; *Significant at P < 0.001; Differences are denoted by the letters a, b, c, d and e; 
Same letter in the column denotes that data are not significantly different. 


Effect of temperature on reproduction 


The fecundity of the ladybeetle increased significantly from 370.60 + 13.68 to 
1319.80 + 20.71 eggs (F = 375.28; P < 0.001) with increase in temperature from 20 


Influence of temperature on survival of ladybeetle 19 


16004 
4001. Y =471.0 + 12.6X 


r=0.58:P<0.! 
1200 - 


1000- ua EX 
* b 

800 - JU t p 
: 


600 - / i 


400 - V 


200 - 


Fecundity (in eggs) 


115 20 225 25 275 3 325 35 375 


Temperature (in Degree Celcius) 


FIGURE 3. Best fit line showing a positive corelation between the fecundity of C. transversalis 
and the increase in temperature (n = 10). 


to 27°C and decreased upto 537.90 + 9.54 eggs on further increased in temperature 
to 35°C (Table 3). The percent viability of eggs increased from 79.89 + 0.83 to 
90.06 + 1.30 (F = 19.99; P < 0.001) with increase in temperature from 20 to 
27°C and decreased to 76.37 + 1.55 on further increase in temperature up to 35 ^C. 
The single polynomial regression analysis of fecundity of ladybeetle at different 
temperatures yielded the regression equation Y = 471.0+12.6X:r = 0.58; P < 0.01 
(Fig. 3). 


DISCUSSION 
Effect of temperature on the survival and development of immature stages 


The results revealed that the pre-imaginal period of C. transversalis decreased with 
increase in temperature, which is attributed to the increased metabolic activities in 
life stages. Similar temperature-dependent immature survival and development in 
other ladybeetles have also been reported (Obrycki and Tauber, 1982; Ponsonby and 
Copland, 1996; Bind, 1998; Srivastava, 2000; Omkar and Pervez, unpubl). The rate of 
development of immature stages was directly proportional, whereas development time 
was inversely proportional to temperature. A linear increase in the rate of development 
when correlated with temperature agrees with the findings on Hippodamia convergens 
Guerin-Meneville (Obrycki and Tauber, 1982), Hippodamia sinuata Mulsant (Michels 
and Behle, 1991) and Propylea dissecta (Mulsant) (Omkar and Pervez, unpublished) 
but disagrees with those on Epilachna varivestris Mulsant (Mellors and Bassow, 1983) 
and Chilocorus nigritus (Fabricius) (Ponsonby and Copland, 1996), which show a 
sigmoidal relationship. 

The decrease in incubation period with the increase in temperature may be attributed 
to the accelerated embryogenesis, which probably caused early hatching of neonate 
instars. The decreased larval period of C. transversalis with increase in temperature 
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may be attributed to the increased metabolic activities and to the possible increased 
feeding activity of the instars, providing more nutrients for rapid development. The 
development was fastest in the second instar, followed by first. third and fourth. A 
relatively long duration of first instars may be attributed to the small size and less 
activity than the second instars. Duration of fourth instar was highest amongst other 
instars, which may be attributed to the high feeding activity in a bid to store certain 
food reserves for the necessary energy requirement in the pupal phase (James, 2001). 

First instar was most vulnerable stage at each temperature and suffered maximum 
mortality. Low temperature proved most detrimental for them, as their survival was 
lowest at 20°C. Larval survival was highest at 27 ^C. Temperatures above 27?C 
increased the larval mortality, which signifies high sensitivity and less tolerance of 
larvae to high temperatures. High temperatures, especially 35 °C, led to increased prey 
mortality with some aphids becoming alate. These aphids appeared to be distasteful or 
difficult to capture by the predator and thus deterred their feeding. Thus, possibly the 
food also becomes a limiting factor at 35 °C resulting in decreased prey consumption 
and increased larval mortality. Though larval survival reduced at 35 °C, the successful 
development of pre-imaginal stages clearly indicates that the predator can even 
withstand the marginal temperatures above it. Owing to high mortality of A. gossypii at 
35°C, either a different species of aphid is required, which can tolerate such extremes 
or cycling fluctuating temperatures may be used to evaluate the contribution of higher 
temperatures towards development and immature survival of the ladybeetle. The 
decreased larval survival at low temperatures may possibly be due to limited predation 
and decreased metabolic rate. Temperatures below 20°C might not be suitable for 
instars because of poor survival (32.2066 at 20?C). The increased mortality with high 
and low temperatures was also reported for other ladybeetles (Naranjo et al., 1990; 
Miller, 1992; Ponsonby and Copland, 1996; Lamana and Miller, 1998). 

The highest survival rates of pupae may be attributed to their thick pupal case, 
which provides enough protection from the unfavourable abiotic stressors. Though 
rise in a temperature expedited the developmental rate, it could not alter the ratio of 
time spent at different stages, which suggests the presence of an innate ratio betwcen 
the consecutive developmental periods of immature stages. Adult emergence and 
growth index were significantly affected by change in temperature, which suggests 
the reduced plasticity of C. transversalis. This relatively lesser ecological plasticity 
as compared to other cosmopolitan aphidophagous C. septempunctata (Wheeler and 
Hoebeke, 1995) may be a reason why the predator has not successfully invaded in 
different biogeographical areas. Both the parameters (adult emergence and growth 
index) were highest at 27 °C revealing it to be the optimum temperature for the mass 
rearing of the predator. 


Effect of temperature on reproduction 


Fecundity increased with increase in temperature upto 27 °C and thereafter decreased. 
Significantly high fecundity at 27 ?C reveals that temperature optimization directly in- 
fluences the progeny production in the ladybeetle. This may be due to the development 
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and maturation of ovaries. resulting in increased ovariole production. Omkar and Per- 
vez (2002) emphasized a probable early maturation of the gonads in Micraspis dis- 
color (Fabr.) at optimal temperature to be a crucial reason for a lesser pre-oviposition 
period and the shortening in time between first egg laid and the oviposition peak. A 
significant decrease in fecundity was noted at 30°C. Anderson and Hales (1986) re- 
ported that a decrease in the fecundity may possibly be attributed to the increased fat 
body accumulation, which occurred due to the increased predatory activity at high 
temperature. The increased fat body affected ovariole formation by limiting the space. 

Egg viability in C. transversalis increased with increase in temperature upto 27 ^C 
and decreased thereafter, emphasizing 27 ^C to be optimum for maximum viability, 
The decreased hatching rate at higher and lower temperatures may be due to increased 
egg mortality. Ponsonby and Copland (1998) surmised that reduced viability in eggs 
at low temperature was perhaps due to inhibition of spermatogenesis or owing to the 
probable sperm mortality in the spermathecae of females. Least percent viability was 
experienced at 35 °C in the present investigation, as some of the batches failed to hatch 
and turned flaccid and reddish yellow. It appeared as if they were burnt due to high 
temperature. This indicates that temperatures 35 ^C and above are detrimental for the 
egg viability. Present study reports a more viable fecundity in C. transversalis, ranging 
76.37 to 90.06% than in C. sexmaculata, ranging 27.70 to 64.10% (Bind, 1998). 

Thus, it may be inferred that significant effects of constant temperatures on different 
life parameters in C. transversalis reveal it to be less ecologically plastic rather than 
other cosmopolitan aphidophagous ladybeetles. The optimum constant temperature (in 
terms of immature survival. development and reproductive performance) for the mass 
raring of C. transversalis was found to be 27 "C. Temperature at both the extremes, 
i.e. upto 20 and 35°C resulted in the decreased larval survival, adult emergence, 
growth index, fecundity and viability. The development rate increased linearly with 
the increase in temperature. 
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ABSTRACT: The cuticular structures on the head of Gerris sp. and Cloeon sp. have 
been studied by scanning electron microscopy. While the head cuticle of Gerris sp. is 
clothed with dense hairs and a variety of sensory structures, the cuticle of Cloeon 
sp. is comparatively simple. It is beset with numerous scales and only two types 
of microstructure. The probable functions of these cuticular structures have been 
discussed. © 2004 Association for Advancement of Entomology 
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INTRODUCTION 


The cuticle is involved in the construction of all sense organs in insects except the 
proprioceptors. Thus, cuticle dominates the arthropod ways of life (Neville, 1975). 
Cuticular structures such as different types of sensilla, their position and orientation 
provide a basis for understanding the relationship between their morphology and 
function. While the functional morphology of various cuticular sensory receptors has 
been extensively studied in terrestrial insects, comparable information available on the 
aquatic forms is considerably less (Dahl, 1978; Kapoor and Zachariah, 1984; Gupta 
et al., 1999, 2000; Gupta and Gupta, 1996, 1998; Gupta, 1998a,b). The present paper 
attempts to describe the various sensory structures on the head cuticle of two insects, 
viz, Gerris sp. (Hemiptera: Gerridae) and Cloeon sp. (Ephemeroptera: Baetidae) 
by scanning electron microscopy. Scanning electron microscopy greatly clarifies the 
orientation, structure and arrangement of complex cuticular components because of its 
large depth of field and high resolving power (Schmidt and Smith. 1987). 
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TABLE 1. Comparative morphometric data of the cuticular structures on the head 
of Gerris sp. and Cloeon sp. 


Diameter/width of the Diameter of the 


Types of cuticular Length in jim ) 

structures (X + SD) sensilla in ium (X + SD) socket in um 
(X + SD) 

Gerris sp. 

1. Long hairs 26.9 + 2.05 1.68 + 0.51 — 

2. Short hairs 1.7 £0.19 0.52 + 0.09 — 

3. Sensilla trichoidea 86.3 + 6.83 2.33 40.19 19 + 0.79 

4. Sensilla basiconica — 0.85 + 0.04 1.9 +0.29 4.6 X: 0.54 

5. Sensilla placoidea - 4.9 + 0.24 — 

Cloeon sp. 

l. Sensillatrichoidea — 14.53 + 0.7 1.23 +0.18 — 

2. Short pegs 2.35 + 0.2 0.93 + 0.22 


MATERIAL AND METHODS 


Larvae of Cloeon sp. and a few adults of Gerris sp. were collected from Ward Lake, 
a small artificial lake in Shillong (25°34’ N, 91°52’ E), Meghalaya State, India. 
Severed heads of Cloeon sp. and Gerris sp. were fixed for 2 h in 2.5% glutaraldehyde 
and post-fixed for 2 h in 2% osmium tetroxide, both fixatives buffered with 0.1 M 
cacodylate. They were dehydrated in graded concentrations of acetone, dried in a 
"Critical Point Drying’ apparatus, mounted on brass stubs and coated with gold in 
a fine coat lon Sputter JFC 1100 (Gupta et al., 2000). The specimens were examined 
and photographed in a JSM 35 CF Scanning Electron Microscope. 


RESULTS 


The comparative morphometric data on the cuticular structures on the head of Gerris 
sp. and Cloeon sp. are depicted in Table 1. Head cuticle of Gerris sp. has a dense 
growth of long and short unsocketed hairs and sensory structures. The dense short hairs 
are curved and slightly tapering with a blunt tip while the long hairs are slender, bent 
and with a pointed tip. Three types of sensilla are strewn among these dense hairs. The 
first type is sensilla trichoidea that are long, tubular, bent and have a tapered tip. Each 
sensillum is surrounded by short unsocketed hairs or microtrichia (Fig. 2). Sensilla 
type 2 are sensilla basiconica, which are small pegs set in wide circular sockets. The 
rim of the socket is flush with the peg (Fig. 3). Sensilla type 3 are sensilla placoidea 
that are more or less round, dome shaped structures (Fig. 4). Both sensilla type 2 and 
sensilla type 3 are lodged in pits, which are strewn among a profusion of short dense 
hairs (Figs 1, 3 and 4). 

The head cuticle of Cloeon sp. is beset with numerous scales with a few sensilla 
trichoidea strewn among them (Fig. 5). The other major cuticular microstructures 
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FIGURES I. Gerris sp.: Head cuticle (Fig. 1); Sensilla trichoidea (Fig. 2); Sensilla basiconica (Fig. 3): 
sensilla placoidca (Fig. 4). 
FIGURES 5-6.  Cloeon sp.: Scales on the head cuticle (Fig. 5); Short pegs (Fig. 6). 
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include short, blunt pegs set on the scales in the anterior part of the head cuticle 
(Table 1). These pegs have somewhat dilated bases with blunt tips (Fig. 6). 


DISCUSSION 


Presence of dense clothing hairs as seen on the head cuticle of Gerris sp. is 
the characteristic feature of terrestrial insects where the cuticle besides providing 
protection also serves the function of waterproofing (Neville, 1975). As Gerris lives on 
the water surface, an unwettable surface is necessary for respiratory plastrons where 
dense hairs slightly curved at the tip hold thin film of gas and resist compression of 
the gas film (Daly et al., 1998). Further, these hairs overcome surface tension forces 
at air-water interphase, prevent water from flooding the trachea, acts as a suitable 
hydrofuge device to prevent drowning of the insect, and subsequently provide heat 
insulation (Neville, 1975; Gupta et al., 1999). The long, curved and tapered sensilla 
trichoidea on the head cuticle of Gerris are supposed to be trichobothria and apparently 
receive ultrasonic vibrations as observed in Cediopsylla simplex (Amrine and Lewis, 
1986). A similar view is shared by Callahan (1975) for long and tapered sensilla 
trichoidea. Generally long delicate hairs respond to slightest force such as minor air 
pressure changes and the orientation of the hairs possibly aid in the determination 
of the direction of the source. The short hairs are spaced either to form multiple 
resonating units over the entire surface of the sensillum or somehow function to 
dampen the vibrations, thus isolating the vibration of each sensilla trichoidea (Amrine 
and Lewis, 1986). The role of the second type of sensilla, the short pegs, is to function 
as mechanoreceptors and they are likely to exhibit a directional characteristic response 
(Gewecke, 1970). Several dome shaped placoidea found among the trichobothrium 
and sensory pegs are similar to the dome shaped placoidea found in the antennae of 
the wasp Polister matricus which are referred to as a scent detection mechanism of the 
insect (Callahan, 1975). In the head cuticle of Cloeon sp., scales serve as frictional 
resistance to escape from predators and facilitate the transport of loose substrate 
(Schmalfuss, 1978a,b; Gupta and Gupta, 1998). The sensilla trichoidea strewn among 
the scales are likely to be mechanoreceptors because of their slender pliable setae and 
sockets that allow movement in all directions. Further, they may be used for cleaning 
detritus and other debris from the head surface (Honegger, 1977; Zack and Bacon, 
1981; Gupta, 1998b). No specific function could be assigned to the short blunt pegs 
on the scales. These are similar to the sensilla basiconica in their morphology but lack 
sockets. Unsocketed sensilla, especially sensilla trichoidea have been shown to be non- 
innervated (Schmidt and Smith, 1985). However, the dilated basal areas of these pegs 
are suggestive of a possible secretory role. 

It has been observed that the nature of cuticular modifications of both the insects 
are entirely different although they inhabit the same ecosystem. This may be due to 
the fact that the two insects occupy two different niches of the same system and need 
to modify their cuticular structure for monitoring and responding to changes in the 
environment. Hence, the position and orientation of different types of sensilla and 
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other cuticular structures provide a basis for understanding the relationship between 
their morphology and function. 
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ABSTRACT: A mark-recapture experiment was carried out in Kotdwar (Pauri- 
Garhwal) locality to determine whether Anopheles culicifacies exhibits memory 
by investigating if the individuals would return to the habitat where they had 
obtained. In all, 577 specimens were collected from both human dwelling and cattle 
shed then marked with different colours according to whether they were caught 
in human dwelling, 'human fed' or in cattle sheds, 'cattle fed' from fixed habitat. 
Thereafter they were released from another location. Over 420 specimens of An. 
culicifacies were collected over the next 10 days of the experiment and examined 
individually whether they were marked ones or not. In total, 5.71% of released 
mosquitoes were recaptured; of these 72.796 (24 of 33) returned to the habitat where 
they were first caught, thus demonstrating site-fidelity. Results further indicated 
that mosquitoes seeking cattle were more faithful (75.0%, 18 of 24) in returning 
to their original habitat than those seeking human habitation (66.6%; 6 of 9). 
© 2004 Association for Advancement of Entomology 
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INTRODUCTION 


Insects are able to learn many things especially resource location, oviposition, mating 
etc. as seen in various social insects. The ability of bees to memorize the location 
of nectar sources is well known, but many other insect groups are also capable 
of memory. Thus, insects are capable to combine processes learned trom previous 
experience to meet a new problem. Many herbivorous and parasitic insects can 
associate odour or visual cues with food sources and oviposiition sites (Papaj and 
Lewis, 1993). Evidences for the existence of memory in mosquito and blood feeding 
insects are scanty. Nutsathapana er al. (1986) demonstrated a mark-release-recapture 
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of host-preference heterogeneity of Anopheles minimus and showed a significant 
tendency to return to the type of host upon which they were first caught. Charlwood et 
al. (1988) found that An. farauti in Papua, New Guinea made long flights to oviposition 
sites before returning ‘home’ to blood feed. There are other examples of male Aedes 
taeniorhynchus (Nielsen and Nielsen, 1953) and Culex torrentium (Service, 1994) 
in which the specimens returned to swarm at the same location, suggesting 'spatial 
memory’. Hii (1985) determined the tendency of Anopheles balabacensis to return to 
sites of first capture when faced with a choice of different hosts. Further Mwandawiro 
et al. (2000) showed that Japanese encephalitis vectors Culex tritaeniorhynchus, Cx. 
gelidus and Cx. vishnui were more likely to feed upon the host species on which they 
had first fed. Recently, McCall et al. (2001) demonstrated the site-fidelity of Anopheles 
arabiensis in northern Tanzania and Ulloa et al. (2002) studied about the host-fidelity 
of An. vestitipennis in Chiapas, Mexico. 

In our study, Anopheles culicifacies is selected because of its distribution throughout 
India except some areas of Northeastern region i.e. Manipur (Nagpal and Sharma, 
1995 and Malhotra and Mahanta, 1994). It is well-know primary vector of malaria in 
India and several neighbouring countries. The species has been identified as a complex 
of five cryptic species — species A, B (Green and Miles, 1980), species C (Subbarao 
et al., 1983), species D (Vasantha et al., 1991) and Species E (Kar et al., 1999) on 
the basis of different genotypes. In Garhwal region, this species occurred throughout 
the southwestern part within the elevational range of 230 to 1300 m (Rao et al., 1973 
and Bhat, 1975) and is believed to consist 2 sibling species A and B (Subbarao et 
al., 1999). It is a must at the present to undertake studies on dispersal of mosquito 
for formulating the most appropriate control strategy as well as understanding disease 
epidemiology. However, some considerable works on dispersal of An. culicifacies are 
of Russell et al. (1944); Curtis and Rawlings (1980); Rawlings et al. (1981); Rawlings 
and Davidson (1982) and Sadanandane et al. (1993). 

The main purpose of the present study is to investigate whether the primary vector 
of malaria, Anopheles culicifacies also had the ability of site fidelity based on mark- 
released and recaptured study. Emphasis has also been given whether individual An. 
culicifacies would preferentially return to habitat from where they had previously rest 
and obtained a blood meal. 


MATERIALS AND METHODS 
Study area 


The study was carried out at Kotdwar locality situated in the southwestern part of 
Garhwal region of Uttaranchal state. [t lies between latitude 29°45’N and 78?3l'E 
longitudes. The selected area is a foothill region, at 395 m (altitude) occupied with 
mid dense groove of various trees and surrounded by verdant fields. The climate 
in this area is hot, subhumid with a rainy season extending from June through 
August and an intervening dry season. The study was carried out during the months 
August and September 2002, post monsoon season when the density of mosquito was 
comparatively higher. 
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(A) Mark-release experiment 


Two experiments of mark-release-recapture were carried out during two consecutive 
months August and September 2002. For each experiment we selected two-fixed 
habitats — one human dwelling and other was cattle shed of nearly 1 km apart. From 
each habitat, mosquitoes were collected during morning (05:00-06:00 h) and evening 
hours (07:00-08:00 h) by a pair of collector using aspirator and flash light (WHO, 
1975). Soon after collection the collected specimens were brought to the laboratory 
and sorted out if it was An. culicifacies or not bye using Keys and Catalogues 
(Christophers, 1933; Wattal and Kalra, 1961 and Nagpal and Sharma, 1995). Inspite 
of consideration whether the mosquito specimens were blood fed or not, we selected 
all the female mosquitoes. Those mosquitoes that were difficult to identify in field 
conditions were immobilized by petroleum ether. 

Just after the collection the mosquito specimens were separated into two groups - 
one ‘human-fed’ collected from human dwelling and the other 'cattle-fed' from cattle 
sheds. During both the experiments i.e. I and II, the collection of mosquitoes was 
done 5 days continuously to obtain good amount of specimens, by keeping inside the 
rearing cages. Next 6th day all the collected specimens were ready for marking by 
two different colour according to the habitat from where they have obtained — red for 
*human-fed' and green for 'cattle-fed'. The process of marking is based on dust-storm 
technique using insufflator with mobile insects keeping in the cage (WHO, 1975). 
After marking, all the marked mosquitoes were released from another location at a 
distance of about 1 km from the original two habitats. 


(B) Recapture 


Recapturing of released mosquitoes was started during morning and evening hours 
following the same techniques from the 7th day of experiments and continued till 
10 days from the original selected habitats — human dwelling and cattle shed. Soon 
after recapture all the collected mosquitoes were narcotized and again brought to the 
laboratory. Firstly, all the mosquitoes were sorted out species wise and thereafter the 
specimens belong to An. culicifacies were separated by examining the marked colours 
using ultra-violet light. 


(C) Data analysis 


Site-fidelity was estimated by the number of marked mosquitoes returning to feed/rest 
at the original habitat type. Difference in proportions of mosquitoes returning to the 
original habitat was examined with chi-square (x?) test with Yates' correction. 


RESULTS 


In the experiment I, 137 An. culicifacies mosquitoes from selected human habitat, 
whereas 215 from the cattle habitat were collected. The resulting human to cattle 
habitat ratio was 1 : 1.56, while in the experiment II, out of 225 mosquitoes, 107 
preferred human habitat and 118 cattle habitat in a ratio of 1:1.10. Overall, in both the 
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experiments I and II, more mosquitoes were collected in the cattle shed (333) than in 
the human habitat (244) with a ratio of 1:1.36 (total — 577). 

Site fidelity of mosquitoes was estimated by recapturing marked mosquitoes 
returning to the original habitat for feeding/resting. Other species of Anophelines 
caught during the collection in good number were An. annularis, An. maculatus, An. 
stephensi, An. subpictus and An. vagus. In experiment I, most recapture was made on 
the 13th and 14th day of the experiment whereas in experiment Il, 8th and 9th day 
produced large amount. Table | shows the number of specimens released, recapture 
rate and rate of site fidelity in different selected habitats. During the experiments I and 
II. the recapture rates were 3.64 and 3.7396 from human dwelling and 6.04 and 9.3296 
from cattle shed respectively. In both the experiments, 33 specimens belonging to 
An. culicifacies (5.7196) were recaptured. Regardless of where they were first caught, 
3 of 12 (36.37%) mosquitoes returned to hauman dwelling and 21 of 33 (63.64%) 
to cattle sheds. Over all, 72.796 of An. culicifacies returned to the original habitats 
showing memorized site-fidelity. In experiment I, 6096 (3 of 5) of An. culicifacies 
were returned to the original habitat i.e. human dwelling, whereas 84.6% (11 of 13) 
of mosquitoes collected from cattle shed have been found to return to their original 
habitat — the cattle shed. Data from the experiment I (x? = 1.70, P = 0.20) 
showed a tendency for site preference in those marked An. culicifacies specimens 
which returned to the habitat from where they were initially obtained. In experiment 
Il. 75% (3 of 4) mosquitoes returned to the original habitat human dwelling and 
63.6% (7 of 11) mosquito returned to original habitat cattle shed. Thus the mosquitoes 
showed the tendency of site-fidelity but not at significant level (x^ = 0.54; P = 
0.50). After pooling, An. culicifacies mosquitoes seeking animal host/habitat were 
recorded as more faithful (75.096, 18 of 24) in returning to their original habitats than 
those mosquitoes seeking human host/habitat (66.6%, 6 of 9). The combined data of 
experiments I and II showed a significant level of heterogeneity for site preference/site- 
fidelity (x? = 3.87: P = 0.05). 


DISCUSSION 


In the present investigation released An. culicifacies mosquitoes showed a significant 
tendency to return to the habitat in which they had previously feed/rest. The results 
support the possibility of 2 subpopulations of An. culicifacies exhibiting finding of 
Subbarao et al. (1999) in having the higher preference for either human dwellings 
or cattle sheds. Earlier findings on biting and resting behavior of An. culicifacies- 
predominantly zoophagic nature and preferred cattle sheds for resting (Jambulingam 
et al., 1984 and Pal, 1945) and thus are in accordance with our findings. There 
is a little similarity between the findings as recorded by Sugunal et al. (1983) 
and Joshi et al. (1988) with regard to findings of difference in host preference in 
morphologically indistinguishable subspecies of Anopheles culicifacies A and B and 
species A more anthropophagic than the species B. The segregation of feeding/resting 
behaviour with >50% (75% and 66.67% on animal and human dwellings respectively) 
of mosquitoes returning for feeding/resting on the same habitat from which they 
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were first captured, indicates site-specific tendencies. Charlwood et al. (1988) while 
working on Anopheles farauti in Papua, New Guinea reported similar findings of 
memorized nome range. In Malaysia, studies on An. balabacensis, determine the 
tendency to return to sites of first capture when faced with a choice of different hosts 
(Hii. 1985). Further, it was suggested by Hii that host preferences in some Anophelines 
might be influenced by previous feeds. with females more likely to feed on the same 
host species at a subsequent feed (Hii and Vun, 1987 and Hii et al., 1991). Host- 
preference heterogeniety in An. minimus in Thai village (Nutsathapana er al., 1986) 
have similar finding of significant tendency to return to the type of host upon which 
they were first caught. Recent studies on An. arabiensis females (McCall et al., 2001) 
showed significant tendency of site-fidelity regarding return to the original house prior 
to the next blood meal. The findings report by Ulloa et al. (2002) on An. vestitipennis 
showed similarity indicating that mosquitoes seeking animal hosts were more faithful 
(80.48%) in returning to their original host than those seeking human hosts (63%). 
However, Loong et al. (1990) and Chiang et al. (1991) reported that there was no 
evidence to suggest the existence of subpopulation of Anopheles maculatus biting 
different preferred host either indoor or outdoor during their studies in Malaysia. 

50, our results support the evidence of spatial memory, leading to site-fidelity or 
homing behaviour on An. culicifacies and it can be concluded that mosquitoes may 
be capable of learning through experience. The present investigation very clearly 
indicates return of mosquito specimens to houses after marking in which they had 
previously successfully obtained a blood meal. Moreover, there has been exerting of 
local environment that might influence the return of marked specimens. 
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ABSTRACT: A new species of the stingless bee genus Lisotrigona viz., L. 
mohandasi Jobiraj and Narendran sp. nov. (Apinae; Meliponini) is described 
and illustrated. A revised key to the species of Lisotrigona is also provided. 
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INTRODUCTION 


Stingless bees of the genus Lisotrigona Moure (1961) are uncommon in the Indian 
subcontinent. They are similar to Pariotrigona, but differ most notably by the short, 
linear malar space, the converging inner compound eye margins and in the acute 
base of the marginal cell. Moure (1961) and Michener (1990, 2000) gave useful 
accounts for the identification of Lisotrigona. Recently Engel (2000) revised the Indo- 
Malayan meliponine genus Lisotrigona with two new species. Hence we describe à 
new species, namely Lisotrigona mohandasi, and provide a revised key to the species 
of Lisotrigona. 


A revised key to the world species of Lisotrigona moure 


l. 


2 


Clypeus entirely yellow; face with yellow markings; mesoscutum black with thin 
yellow margins bordering tegulae; body size relatively large (4—4.2 mm) 
L. carpenteri Engel 


Clypeus dark brown to black; face without yellow markings: mesoscutum dark 
brown, without lateral yellow markings; body size relatively small (3-3.7 mm) 2 


. Punctures of mesoscutum exceedingly minute and somewhat faint ........... 3 
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- Punctures of mesoscutum small and strong ........0..... 0000 L. furva Engel 


3. Integument of head, thorax and metasoma generally brown to dark brown; 
gena impunctate; pubescene on clypeus simple and hypoepimeron without hairs; 
metanotum finely imbricate 0.0.0... eee eee eee L. cacciae (Nurse) 


- Integument of head and thorax coal black and metasoma brown; gena sparsely 
punctate; pubescence on clypeus plumose and hypoepimeron with minute, 
scattered hairs; metanotum reticulate anteriorly ......... L. mohandasi sp. nov. 


Lisotrigona mohandasi sp. nov. (Figs 1—4) 


Holotype: F(w). TL = 3 mm, HW = 1.28, HL = 1.083, SL = 0.389, FL = 0.91, 
FWL = 2.6, FWW = 0.96, HWL = 1.77, EL = 0.86, EW = 0,35, POL = 0.3, OOL 
= 0.2. 


Colour: Integument: Entirely black except for the following parts: basal part of 
mandibles dull brown, rest of mandibles and glossa dull yellow; labial palpi whitish 
yellow; labrum dull brown; clypeus dark brown; scape yellowish brown with apical 
quarter dark brown; pedice! and flagellum light brown; eyes brown, ocelli with dark 
brown tint under certain illuminations; tegulae hyaline with brownish black spot 
anteriorly; axillary sclerites yellow; wing veins pale yellow to light brown, membrane 
hyaline; legs dark brown except for yellow trochanters and tarsal segments; metasoma 
brown to dark brown. 


Pubescene: | Pubescence generally silvery or white. Labrum with a few long, white 
hairs. Clypeus with small, simple, white hairs scattered over surface, and hairs become 
plumose at margins; facial hairs white, not obscure integument, long and plumose; 
pilosity on ocellar and vertex area minute, white, with a few scattered long hairs. 
Antennae covered with minute, suberect hairs over surface; gena anteriorly with 
minute, simple, silvery, scattered pilosity; postgena with a few hyaline to silvery, 
long, scattered hairs. Labial palpal segments | and 2 each with a couple of long, 
simple, sinous hairs. Pilosity on mesoscutum as on gena, scattered and antereolaterally 
minutely plumose. Pubescence of scutellum longer than on scutum, silvery and 
becoming progressively longer posteriorly. Metanotum with minute, simple and 
transparent hairs very widely scattered. Pre-episterum with short plumose, silvery, 
appressed hairs not obscuring integument, such hairs becoming simple and longer on 
rest of mesepisternum; hypoepimeron with minute and scattered hairs; metepisternum 
with silvery hairs on upper part only. Propodeal lateral surface with moderately long, 
white plumose hairs; posterior surface with scattered, simple hairs, basal area without 
pubescence. Pubescence on legs silvery to white except for tarsal segment pilosity 
reflecting brown to golden tints. Metasomal 7) — T4 without pubescence except widely 
scattered, simple hairs along apical margins, such hairs progressively more numerous 
on apical terga, also sparsely present on central discs of Ts — Te, such hairs widely 
scattered on sterna. 
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Head: Width in anterior view a little more than 1.33x distance between front 
ocellus and lower clypeal margin (84:63) (Fig. 2); maximum width of head at 
level of posterior margin of eyes 6x distance between front ocellus and occipital 
margin (51 : 8.5) (Fig. 4). Relative measurements of POL — OOL — 12.8; mandibles 
sparsely punctate, edenate and rounded along their outer margins; clypeus and face 
with widely scattered, minute punctures: integument between punctures glabrous; 
punctures becoming slightly dense and somewhat faint on vertex. Gena and postgena 
impunctate and glabrous. Scape of antenna not reaching front ocellus; space less 
than half of flagellum. Relative length: maximum width antennal segments; scape 
= 2.5:5.6; Pedicel = 6:5, Fi = 5:5.5, Fo = 5:6. Fy = 5:6. Fy = 5:6, Fs = 5:6, 
Fg = 4:6, F; = 5:6, Fy = 5.5:6, Fo = 6:9, Fig = 8:5 (Fig. 3). Eyes more or less 
parallel to each other, simple and glabrous; relative length : breadth of eyes in lateral 
view = 34.5: 14 (Fig. 1). 


Thorax: Maximum width between tegulae to length of thorax = 18:28; mesos- 
cutum with exceedingly minute and faint punctures separated by 2x puncture width, 
interspaces glabrous; tomentose bands absent; punctures on scutellum sparse and more 
developed than on mesoscutum; metanotum glabrous, reticulate, reticulations well de- 
veloped on anterior half. Episternum glabrous and impunctate except for upper half 
of pre-episternum; anterior quarter of mesepisternum with faint, minute punctures; 
propodeum finely reticulate. 

Legs rather long, strong and well developed: hind tibia glabrous, posterior marginal 
hairs simple and moderate, rastrellum not well developed; keirotrichia well developed 
as in figure (Fig. 1), corbicula glabrous and striatoreticulate (more striated); hairs on 
hind metatarsi bristle like, upper apical angle of hind tibia rounded. 

Tegulae and axillary sclerites minutely and sparsely punctate; forewing venation as 
in figure (Fig. 1). Relative measurements of forewing length: Its maximum width = 
104: 83.5; minute hairs distributed throughout wing membrane; marginal cell acute at 
apex, submarginal cells not represented: wing venation faintly marked on hind wing; 
hamuli-5 (Fig. 1). 


Metasoma: Metasoma glabrous and impunctate but apical margins finely imbri- 
cate, middle terga broader than anterior and posterior tergites. Sternal plates sparsely 
and minutely punctate. 


Male: | Unknown. 
Materials examined: Holotype: F: India, Kerala, Kerala Forest Research Institute 
(Peechi). K. Mohandas, 3-1V-2000: Paratvpes: 2 F: Same data as that of holotype. 


(Deposited in Calicut University Zoology Department). 


Etymology: The species is named after Dr. K. Mohandas who collected the 
specimens. 
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FIGURES 1-4. Lisotrigona mohandasi sp. nov. Female. 1. Body (Profile), 2. Head: Front view, 


3. Antenna, 4. Head: Dorsal view. 


Revised key to species of Lisotrigona 43 
Flower Record: Tectona grandis. 
Habitat: | Undisturbed area. 


Discussion: This species closely resembles L. cacciae (Nurse) in general charac- 
ters but differs mainly in the following characters: 1. Integument of head and thorax 
coal black and metasoma brown (In L. cacciae integument dark.brown); 2. Mandibles 
dull yellow to brown (In L. cacciae mandibles yellow); 3. Gena sparsely punctate 
(In L. cacciae gena impunctate); 4. Hairs on clypeus plumose (In L. cacciae hairs 
on clypeus simple); 5. Hypoepimeron with pubescence (In L. cacciae hypoepimeron 
without hairs); 6. Metanotum reticulate anteriorly (In L. cacciae metanotum finely 
imbricate). 


Abbreviations 


F = Female, TL = Total length, HW = Head width, HL = Head length, SL = Scape 
length; FL = Flagellar length, FWL = Forewing length; FWW = Forewing width, 
HWL = Hind wing length, EW = Eye width, EL = Eye length, POL = Post ocellar 
length, OOL = Ocellocular length. 
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ABSTRACT: The efficacy of new insecticides against citrus leaf miner, Phyllocnistis 
citrella Stainton was compared with commonly used insecticides along with 
neem-based formulations. Among different insecticides evaluated cypermethrin, 
fenvalerate, monocrotophos, chlorpyrifos, imidacloprid, A.-cyhalothrin and profeno- 
fos + cypermethrin were found effective in preventing fresh mining by P. citrella. 
Neem formulations viz., neem seed kernel extract, azadirachtin were found superior 
in causing high mortality of leaf miner larvae. The adult emergence was also found 
lowest in all synthetic insecticidal and neem seed kernel extract treated plants. 
The present study clearly showed that under heavy infestation, use of synthetic 
insecticides is necessary to prevent reinfestation of leaf miner. However, the neem for- 
mulations can be used as follow-up sprays under heavy infestation and as prophylactic 
Sprays during new flush emergence. © 2004 Association for Advancement of Entomology 


KEYWORDS: Citrus leaf miner. insecticides, neem formulations, Phyllocnistis citrella 


INTRODUCTION 


The citrus leaf miner, Phyllocnistis citrella Stainton (Phyllocnistidae: Lepidoptera) is 
an important pest of citrus in nurseries, and on new flushes in orchards. Of the total 
damage caused by the pest complex of citrus, nearly 3096 is attributed to the leaf miner 
(Anonymous, 1984). Leaf miner damage, predisposes the leaves to canker caused by 
Xanthomonas citri Hasse. Several workers have evaluated insecticides to control P 
citrella (Borle and Khosdaskar, 1977; Batra and Sandhu, 1986; Bhumannavar, 1987). 
There are insecticides to suppress the population of P. citrella, but most are ineffective 
against eggs and early instars. Hence, reinfestation of leaf miner occurs within a week 
after application (Boulahia et al., 1996). The present study was carried out as it was felt 
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necessary to study the efficacy of new insecticides available in the market and neem 
based formulations for preventing reinfestation as well as for overall effectiveness. 


MATERIAL AND METHODS 


Investigations were carried out in citrus (acid lime) at the Indian Institute of Horti- 
cultural Research, Bangalore. Four synthetic pyrethroids viz., cypermethrin 0.012546, 
fenvalerate 0.005%, A-cyhalothrin 0.0025% and profenofos + cypermethrin 0.022%; 
imidacloprid 0.005%; neem based formulations viz., neem seed kernel extract (NSKE) 
596, azadirachtin (oil based) 300 ppm (3 ml/It). and azadirachtin 1500 ppm (3 ml/It): 
conventional insecticides viz., monocrotophos 0.05% and chlorpyrifos 0.05% along 
with control were screened for their efficacy against P. citrella. The experiment was 
laid out in a Randomised Block Design, and the treatments were replicated thrice. 
Each tree was considered a unit of replication. The first trial was conducted during 
June-July, 1999 and the second during October-November, 1999, coinciding with the 
emergence of new flush. Three sprays were given at 15 days interval starting from the 
emergence of new flush. 

Observations were recorded at weekly interval! on total number of live mines, dead 
mines and mines with emerged holes from ten randomly selected shoots per plant. 
Discoloured larvae were considered dead and those with their normal look were 
considered live. After third spray, the plants were graded for leaf damage by visual 
scoring of newly sprouted leaves based on per cent leaf damage from ten randomly 
selected shoots per plant. In each shoot, eight leaves were taken from the tip and each 
leaf was graded for per cent severity of the damage ranging from zero (no leaf miner 
incidence) to 100 (total damage with leaf curled and twisted). The data of two trials 
were subjected to ‘pooled analysis of variance’ (Little and Hill, 1978). 


RESULTS AND DISCUSSION 
Effect of insecticides on live mines 


Seven days after the first spray, there was no significant difference in the number of 
live mines in the untreated control and the treatment neem seed kernel extract 5%. All 
other treatments showed significantly lesser number of live mines and were on par with 
each other (Table 1). At 14 days after first spray, the treatment viz., chlorpyrifos, Im- 
idacloprid, monocrotophos, A-cyhalothrin, fenvalerate and cypermethrin were found 
significantly superior in bringing down the number of live mines per shoot (Table 1). 

At seven days after second spray, fenvalerate, chlorpyrifos, cypermethrin, À- 
cyhalothrin, profenofos + cypermethrin, monocrotophos, imidacloprid, neem seed 
kernel extract and azadirachtin 300 ppm recorded lower number of live mines 
per shoot and found significantly superior to remaining treatments. At 14 days 
after second spray, azadirachtin 300 ppm, neem seed kernel extract, imidacloprid, 
chlorpyrifos, a-cyhalothrin, monocrotophos, fenvalerate and azadirachtin 1500 ppm 
recorded significantly lower number of live mines per shoot (Table 1). 
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A perusal of data over two sprays showed that fenvalerate, A-cyhalothrin, Imidaclo- 
prid, chlorpyrifos and monocrotophos were consistently effective in preventing fresh 
mining for a period of 14 days after spray. However, neem based formulations, viz., 
neem seed kernel extract, azadirachtin 1500 and 300 ppm had presumably slower ac- 
tion in preventing fresh mining and the efficacy also found variable. 


Dead mines after the spray 


Profenofos + cypermethrin, azadirachtin 300 and 1500 ppm, monocrotophos and 
cypermethrin recorded significantly highest number of dead mines at seven days after 
first spray showing their efficacy in causing larval mortality immediately (Table 1). 
At 14 days after first spraying, fenvalerate, neem seed kernel extract and Imidacloprid 
were found significantly superior over other treatments with highest number of dead 
mines per shoot. 

At seven days after second spraying, azadirachtin 300 ppm, Imidacloprid, neem 
seed kernel extract. azadirachtin 1500 ppm, A-cyhalothrin, profenofos + cypermethrin 
and fenvalerate were found statistically superior to remaining treatments with highest 
number of dead mines (Table 1). At 14 days after second spray. Imidacloprid, neem 
seed kernel extract, azadirachtin 300 and 1500 ppm, A-cyhalothrin, chlorpyrifos and 
cypermethrin were found significantly superior with higher dead mines per shoot 
(Table 1). Of all treatments, neem formulations viz, neem seed kernel extract, 
azadirachtin 300 & 1500 ppm were found to be consistently effective in causing 
the larval mortality and found to be comparable with Imidacloprid, cypermethrin, 
fenvalerate and A-cyhalothrin. Whereas, though the other insecticides were found to 
cause instant mortality immediately seven days after the spray but failed to maintain 
the same trend upto [4th day after the spray. 


Impact of insecticides on adult emergence 


The effect of 11 treatments (Table |) was observed on emergence of adult P citrella. At 
seven days after the spray, all treatments were found significantly superior with lower 
adult emergence over untreated control. At 14 days after first spraying, neem seed 
kernel extract, Azadirachtin 1500 ppm, Imidacloprid, monocrotophos, A-cyhalothrin, 
profenofos 4- cypermethrin, cypermethrin, chlorpyrifos and fenvalerate were found 
significantly superior with lower adult emergence. 

At seven days after second spraying, all treatments were found significantly 
superior to untreated control with lower adult emergence (Table 1). At 14 days after 
second spraying, chlorpyrifos, neem seed kernel extract, fenvalerate, profenofos 4- 
cypermethrin, A-cyhalothrin, monocrotophos, cypermethrin and Imidacloprid were 
found significantly effective treatments with less adult emergence. 

A perusal of data over two sprays revealed that of all treatments tried, neem seed 
kernel extract, cypermethrin, fenvalerate, Imidacloprid, monocrotophos, chlorpyrifos, 
d-cyhalothrin profenofos + cypermethrin were found consistently effective in bring- 
ing down the adult emergence. 
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Effect of insecticidal sprays in reducing leaf damage 


All treatments were significantly superior in reducing the leaf damage over control. 
However, the per cent leaf damage was less (4.84%) at 14 days after third spray in 
the treatment with monocrotophos and was found to be on par with neem seed kernel 
extract (7.74%), azadirachtin 1500 ppm (10.14%), a-cyhalothrin (6.55%), chlorpyrifos 
(6.76%), cypermethrin (7.10%) and fenvalerate (5.30%) (Table 1). This indicates that 
neem formulations viz., neem seed kernel extract and azadirachtin 1500 ppm were 
comparable with synthetic insecticides in reducing the leaf damage of P. citrella. 


The results indicated that the treatments viz., cypermethrin, fenvalerate, imidaclo- 
prid, monocrotophos, A-cyhalothrin and chlorpyrifos, consistently offered effective 
control of leaf miner upto 14th day after giving the spray, which was evident by min- 
imum number of live mines recorded in these treatments. This reflected the potential 
of these chemicals in preventing reinfestation. However, the neem formulations viz., 
neem seed kernel extract and azadirachtin 300 ppm were found to have slower action 
in preventing fresh mining and were found effective only after second spray has been 
given. As the latter is IPM compatible, under lower infestation levels, it should be 
given preference. In case of dead mines, cypermethrin, profenofos + cypermethrin, 
and monocrotophos were found to be effective in causing instant high larval mortality 
immediately seven days after first spray has been given. However, by second week, 
they were found ineffective in causing larval mortality. Whereas, the neem formula- 
uons viz, neem seed kernel extract 596, azadirachtin 300 ppm and 1500 ppm were 
found consistently effective in causing larval mortality from second spray onwards. 
Whereas, none of the chemical insecticides were found effective in causing sustained 
larval mortality except for imidacloprid which showed consistency in causing larval 
mortality. Further. neem seed kernel extract, imidacloprid, A-cyhalothrin, monocro- 
tophos. profenotos + cypermethrin, chlorpyrifos, fenvalerate and cypermethrin sup- 
ported least adult emergence. Hence, it is clear that, the synthetic insecticides viz., 
cypermethrin and profenofos + cypermethrin were found effective not only by caus- 
ing high mortality of larvae but also by preventing fresh infestation with least adult 
emergence. Neem seed extract did not prevent reinfestation, but caused mortality of 
existing larvae in the mines. This shows that it is a good follow up spray to synthetic 
insecticides like cypermethrin and profenofos + cypermethrin. Further, cypermethrin 
recorded lowest leaf damage. Synthetic pyrethroids viz., fenvalerate, cypermethrin and 
permethrin were recorded greatest reduction in larval population of P. citrella on newly 
flushed citrus trees (Batra and Sandhu, 1986: Bhumannavar, 1987; Radke and Thakare, 
1989). Though, neem seed extract, was observed to be less effective in preventing fresh 
infestation, its capability of causing high larval mortality and least adult emergence 
makes it an ideal candidate to be integrated with synthetic pyrethroids, thus reducing 
the possibility of resurgence due to over use of synthetic pyrethroids. 


The present study indicates that heavy infestation may warrant use of synthetic 
pyrethroids as it prevents re-infestation followed by neem based formulations. But, 
early detection and at lower levels of infestation, azadirachtin or neem seed extract 


50 P. D. Kamala Jayanthi and A. Verghese 


may be adequate to prevent build up. In fact, at new flushings these botanicals can be 
advocated as prophylactic sprays. 
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ABSTRACT: Trigonobothrys martinae (Roberts). a rare comb-footed spi- 
der, was recorded for the first time from Kuttanad rice agroecosystem of 
Kerala. India. First description of female of this spider is also provided. 
© 2004 Association for Advancement of Fntomology 
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INTRODUCTION 


The genus Trigonobothrys (Simon, 1889) is a small group of comb-footed spiders, 
represented by only 7 species, distributed in the Palaearctic (3 species) and Oriental 
(4 species) regions of the world (Platnick, 2003). Members of the genus are charac- 
terized by the subovoid carapace; eye region slightly projecting; very high and con- 
cave clypeus; subglobose abdomen, sternum broadly produced between coxae IV. leg 
[ longer than IV: female epigynum with a distinct opening. bears a pair of spherical 
spermathecae and ducts with very minimal coils. Male pedipalp usually bears a large 
median apophysts, embolus long and forming a circle, conductor with à small projec- 
tion, and an accessory apophysis usually attached to embolus 

Four species of spiders of the genus Trigonobothrys are reported from Oriental 
region, but none from India so far. Recently three lemale and two male specimens 
of Trigonobothrys martinae (Roberts) were collected from the rice agroecosystem 
of Kuttanad, Kerala. On the basis of these specimens T martinae is described and 
illustrated from India for the first time. Roberts (1983) gave a description of this 
species based on some male specimens. However taxonomic literature regarding 7. 
martinae remains largely incomplete due to the absence of the description of female. 
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During our study we came across three female specimens of T. martinae. On the basis 
of these specimens, a description and illustration of female T. martinae is given below. 

Abbreviation used are as follows: AME - Anterior median eyes, ALE - Anterior 
lateral eyes, PME - Posterior median eyes, PLE - Posterior lateral eyes. 


Description 
Trigonobothrys martinae (Roberts, 1983) 


Ín svnonvmiy with: 


T. coreanus (Paik, 1995) ( Yoshida and Ono, 2000). 

© decamaculatus (Chen et al.. 1992) (Zhu, 1998). 

f. immaculatus (Zhu, 1998) ( Yoshida, 2002). 

T. kavaensis (Paik, 1996) (Marusik and Koponen, 2000). 


T. ruedai (Barrion and Litsinger, 1995) (Yoshida and Ono, 2000). 


Female 


otal length 2.42 mm. Cephalothorax 0.85 mm long, 0.83 mm high and 0.93 mm 
wide, cephalothorax yellowish brown, becoming yellow subposteriomedially and at 
median base of cephalic region; cephalic region with short hairs, thoracic region 
‘vith L’ marking. Eyes 8, clean and homogenous, in two curved rows. Anterior row 
strong!v recurs ed and shorter than posterior row. Posterior medians larger than laterals. 
AME = 0.08, ALE = 0.04. PME = 0.06, PLE = 0.03). Median ocular quadrangle 
wider in front than behind. Antereomedians posteriorly, laterals at inner aspect 
and posteromedians anteriorly margined by black. Clypeus very high. Chelicerae 
yellowish brown, vertical, small, shorter than transverse length of clypeus. Promargin 
with 3 teeth, subbasal tooth largest and partially projected down ward. Retromargin 
with 2 diverging teeth as in Fig. d. Maxillae long, pale yellow, inner lateral margin with 
scopulae. Sternum light vellow, slightly wider than long, anterior margin projecting 
contiguous to labium, posterior end tapering to narrow blunt point between coxae IV. 
Leos hirsute, yellow, all longer than length of abdomen, patellae with long apical spine, 
femur ] with a long subapical prolateral spine, tibia I with a sub median prolateral 
spine. The length of leg segments as in Table 1. Tarsi 3 clawed with a tooth in each 
superior claw, inferior clawless. Leg formula 1/4/2/3. 

Abdomen 1.57 mm long, 1.12 mm wide, 1.13 mm high subglobular, brownish 
yellow, anterodorsal highly sclerotised, dark brown, sparsely hirsute with brown 
hair bases, dorsum with longitudinal rows of 4 grey spots, and 4 brown spherical 
sigilla, laterals each with 10 grey spots. Venter with a wasp head like band anteriorly 
and 3 transverse rows of 10 yellow brown spots posterior to the epigastric furrow, 
posterior end of venter with a broad transverse yellow band anterior to the anterior 
spinnerets. Anterior spinnerets close to each other basally and separated by a "V" 
shaped space anteriorly. Posterior spinnerets smaller than anterior ones and widely 
separated from each, closer to the anterior pair than each other. Anal tubercle brown 
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FIGURESa-h:  Trieonobothrys martinae. a. Female dorsal view, b. Lateral view, c. Sternum with Labium 
and Maxillae, d. Chelicerae, e. Epigyne, f. Internal genitalia, g. Pedipalp-lateral view, h. Pedipalp-ventral 
view. 
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TABLE |. Length of leg segments of the spider Trigonobothrys martinae (mm) 


i Total ] 


Femur Patella g Tibia Metatarsus Tarsus 


I 093 0.85 0.48 0.41 0.57 0.52 0.48 0.41 0.3]. 0.24 2.77 2.43 
II 0.67 0.61 0.31 0.26 0.52 0.47 0.44 0.38 0.33 0.226 2.27 1.98 
if 0.57 0.51 0.32 0.26 0.48 0.42 0.32 0.28 0.34 0.28 2.03 1.75 
IV 0.73 0.69 0.34 0.29 0.71 0.64 0.50 0.45 0.41. 0.36 2.69 2.43 


"Iv and yellow apically, with a yellow brown band and two small brown spots 
orsal to it. On dorsum, a grey coloured vertical band present in front of spinnerets. 
Spinnerets visible dorsally. Epigynum simple, anterior margin of orifice tongue like, 
ipermathecae spherical, with coiled spermathecal opening posteriorly leading to 
‘ndentions in posterior epigynal margin. Epigyne and internal genitalia as in Fig. e 
and f 


Male: 


fotal iength 2.34 mm. Cephalothorax 0.82 mm long, 1.16 mm high and 0.86 mm 
wide Abdomen 1.52 mm long 1.11 mm wide. 1.14 mm high. Cephalothorax yellowish 
brown, barrel shaped, with a yellow basal one third with more hairs. Eight eyes in 
2 rows, subequal, anterior row strongly recurved, shorter than straight posterior row. 
(AME = 0.08, ALE = 0.06, PME = 0.07, PLE = 0.07). Clypeus very high. 8.3 times 
"ME diameier. Sternum yellow, as long as wide, with 3 sparse row of hairs near 
margins, lateral margins straight, posterior tapers to a truncated end, median areas 
partially raised. Chelicerae smaller than female. Legs yellow, ail longer than length of 
abdomen. Tarsi three-clawed, with a tooth in each superior claw, inferior clawless. 
Length of leg segrnents are as in Table I. Pedipalp yellow, except reddish brown 
cymbium and light brown tibia. Ejaculatory ducts triple coiled, embolus short. tibia 
cup like in ventral view as in Fig. g and h. 

Abdomen giobular, yellow, anterodorsal highly sclrotised, brown, sparsely hirsute 
with brown hair bases, dorsum with two longitudinal rows of five small grey spots, 
and 4 brown spherical sigilla, laterals each with 3 grey spots with a broad transverse 
yellow band anterior to the anterior spinnerets Anterior spinnerets close to each other 
basally and separated by a "V" shaped space anteriorly. Posterior spinnerets smaller 
than anterior ones and widely separated from each, closer to the anterior pair than each 
other. Anal tubercle brown basally and yellow apically, with a yellow brown band and 
iwo small brown spots dorsal of it. 


Distribution: Kuttanad, Kerala, India: Aldabra, China, Korea, Ryukyu Is., and 
Philippines. 


Natural history: Both male and female were collected from irregular cobwebs 
of paddy field of Kuttanad (Coll. Sudhikumar A.V; 12.xii.2002). The specimens 
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are deposited at the Division of Arachnology. Department of Zoology, Sacred Heart 
College, Kochi 13. 
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Male accessory glands in Drosophila: a study on 
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and body size 
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ABSTRACT; Male accessory gland secretions, which have a role to play in repro- 
duction. have been investigated, The quantity of male accessory gland secretory pro- 
teins in relation to the body size has been studied in nine strains of three species. 
The study reveled that the quantity of accessory gland secretory proteins are signif- 
icantly different in different species. There is positive correlation between the body 
size and the quantity of accessory gland secretory proteins, except in some cases. 
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The accessory gland in the adult male of Drosophila is a secretory tissue that produces 
complex mixture of proteins, carbohydrates, lipids and amino acids (Chen, 1984). 
These secretions are transferred to the female during copulation along with sperms 
and have been shown to play an important role in reproduction (Chen, 1996). The 
secretions elicit post mating behaviour and induce physiological changes in female fly. 
which includes stimulation of oviposition, egg laying, reduction in female receptivity 
to courtship, facilitation of sperm storage and maintenance of sperm function in 
the mated female (c.f. Wolfner, 2002). Age dependent quantitative and qualitative 
variations in the accessory gland secretions in different species of Drosophila have 
been documented (Wolfner, 1997; Shivanna and Ramesh. 1995a; Ravi Ram and 
Ramesh, 2002). 

Most obvious easily observable and measurable phenotypic trait is directly related 
to fitness (Chen, 1984; Ruiz ef al., 1991; Partridge er al., 1987). Santos er al. (1988) 
have shown that there is an influence of body size on mating success. Body size also 
influences mating latency, fecundity and other fitness components (Ruiz and Santos, 
1989), Extensive work with respect to body size, behaviour, fertility components and 
role of accessory gland secretory proteins has been carried out (Chapman et al., 2000; 
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TABLE 1. Different species/strains 
employed in present study 


Species/Strains Stock No. 
D. melanogaster 

I. Oregon K 1.002 
2. Canton.S 1.006 
3. Berlin 1.004 
D. n. nasuta 

4. Coorg 201.001 
5. Seychelles Islands (Sy-1) — 201.006 
6. Kenya 201.008 
D. n. albomicans 

7. Okinawa 202.001 
8. Taiwan 202.002 
9. Pescadores 202.003 


Wolfner, 2002; Hegde et al., 2000; Singh er al., 2002; Ashadevi and Ramesh, 2001). 
Further, Hegde and Krishna (1997) have hypothesized that ‘bigger is better’ with 
reference to body size and mating success. While Ravi Ram and Ramesh (2002) have 
shown the existence of positive correlation between quantity of secretions and the size 
of the gland. Present study was undertaken to understand the relationship if any, that 
exists between the body size and quantity of accessory gland secretory proteins in few 
members of D. nasuta and D. melanogaster subgroups. 

The stocks for the present study were obtained from Drosophila Stock Centre, 
University of Mysore, Mysore, India (Table 1). Uniformity was maintained with regard 
to temperature, space, amount of food, moisture and the larval population density in 
culture. Synchronized eggs were collected from these flies through modified method 
of Delcour (Ramachandra and Ranganath, 1988). 50 eggs were placed in each vial 
(5cm x 2.5 cm) containing 5 ml of wheat cream agar medium seeded with yeast. All 
the experimental cultures were maintained at 22 + 1°C and R.H of 69%. 

Unmated males and virgin females were isolated from these cultures within 3 hrs 
of their eclosion from the pupal casc. They were transferred to vial containing fresh 
media and aged for 7 days. The accessory glands from individual males were dissected 
and the samples were prepared (see Ravi Ram and Ramesh. 2001). The quantity of 
secretory proteins in these samples was estimated by micro method (Neuhoff, 1985) 
using BSA as the standard. In this study, we have used wing length as an index of 
body size. The wing from seven days old unmated flies were dissected out, placed in 
a horizontal plane and the length from humeral cross vein to tip of the wing (Fig. !) 
was measured using a calibrated ocular micrometer. 

The data were subjected to ANOVA followed by DMRT to analyze the significance 
of differences. Correlation coefficient was also calculated to understand the relation- 
ship between body size and male accessory gland secretory proteins. 
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FIGURE 1. Wing of Drosophila (From Fly base-http://fybase.org.) A = Humeral crossvein; 
B = Tip of the wing: L = Wing length. 


Among the three species used for the present study, D. n. nasuta and D. n. albom- 
icans are closely related (Ranganath. 2002), while D. melanogaster is taxonomically 
unrelated to the other two. Thorax length has been used as an index of body size in 
Drosophila (see Partridge et al., 1987: Santos et al., 1988, 1992). Wing is another phe- 
notypic trait that can be used as an index of body size (Sokoloff, 1966; Hegde et al., 
2000). Table 2 embodies data on the body size and quantity of accessory gland secre- 
tory proteins in different species/strains understudy. Perusal of the table reveals that the 
body size varies from a minimum of 1805 uum (D. melanogaster—Canton S) to a max- 
imum of 2083 jum (D. n. nasuta—Coorg strain). Similarly. the quantity of accessory 
gland secretory proteins vary from a minimum of 5.33 yg (D. melanogaster-Canton 
S) to a maximum of 21.5 ug (D. n. albomicans-Okinawa). Considering the variation 
in body size on one hand and quantity of accessory gland proteins on the other, in a 
comparison among different strains of the same species, we find that in case of D. n. 
nasuta and D. n. albomicans, though there are marginal differences in body size. the 
quantity of accessory gland proteins synthesized remain same. Some interesting rela- 
tionships emerge when we make interspecific comparisons. (Table 2) Though the body 
size of D. melanogaster (Oregon K) and D. n. nasuta (Kenya) are same; the quantity 
of proteins synthesized in D. n. nasuta is double. Similarly. though the body size of 
D. n. nasuta (Coorg) and D. n. albomicans (Okinawa) are similar, they differ with re- 
spect to quantity of accessory gland proteins synthesized. Same is true in comparisons 
between Seychelles strain of D. n. nasuta and Taiwan and Pescadores strains of D. n. 
albomicans, though the body size is similar. Thus, when total Acp quantity in differ- 
ent strains and species of Drosophila analyzed is considered, it is evident that they fall 
into 3 clusters (Fig. 2) wherein different strains of D. melanogaster, D. n. nasuta and 
D. n. albomicans form one cluster each. It is also evident that the total Acp quantity in 
D. n. nasuta is double and it is triple in D. n. albomicans when compared with what is 
prevalent in D. melanogaster. 

Shivanna and Ramesh (1995b) have documented the absence of differences in the 
quantity of larval sa. vary gland secretions not only between D. n. nasuta and D.n. 
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FIGURE 2. Quantity of male accessory gland secretory proteins in different strains of three 


species of Drosophila. 


TABLE 2. Body size and quantity of accessory gland secre- 
tory proteins in various species/strains under study 


Species/Strains Body size (am) Total Acp (ug) 
D. melanogaster 

l. Oregon K 1833 + 8.98°¢ 6.55 + 0.39% 
2. Canton S 1805 + 7.07* 5.33 + 0.374¢ 
3. Berlin 1934 + 12.6f 7.00 + 0.21° 
D. n. nasuta 

4. Coorg 2083 + 14.04“ 14.25 + 0.411 
5. Seychelles Islands (Sy-1) — 1994 + 8.93°8 14 + 0.467 
6. Kenya 1867 + 6.87* 13 + 0.294 
D. n. albomicans 

7. Okinawa 2042 + 7.02998 — 2152 0.67? 
8. Taiwan 2004 + 7.8654 21.4 + 0.69^ 
9. Pescadores 1996 + 8.12^! 20.9 + 0.84? 
F Value 25.0 164.0 


Note: n = 25; df = (8, 216). 
The strains with same alphabet in superscript are not 
significantly different at 5% level according to DMRT. 


albomicans but also among different species/subspecies that belong to immigrans 
group. Ravi Ram and Ramesh (2002) studied the quantity of male accessory gland 
secretory proteins in relation to the number of cells in the gland, size of the gland and 
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the copulation duration in 7 members of D. nasuta subgroup. Such a study revealed 
that the differences in the quantity of secretions are independent of number of cells in 
the gland and copulation duration. However, they could find correlation between size 
of the gland and the quantity of secretions. They proposed that the difference in Acp 
quantity is a consequence of differential Acp gene activity. Though D. n. nasuta and D. 
n. albomicans have open genetic system, at present we do not know the significance 
of increased quantity of secretions in D. n. albomicans alone as compared with rest 
of nasuta subgroup members. In D. melanogaster so far 36 Acp genes have been 
identified (Wolfner, 1997). It is possible that D. melanogaster might have basic set of 
Acp genes, the activity of all of which is required for normal reproduction; while in 
D. n. nasuta, these Acp genes may be present in duplicate and in D. n. albomicans, 
in triplicate and all these sets may be active? or the differences observed may be a 
consequence of differential regulation of gene expression in the basic set of genes that 
is species specific. 
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ABSTRACT: The host feeding patterns of Coquillettidia crassipes were analysed as 
part of studies conducted on the vectors of JE and filariasis in the Kuttanadu region of 
Kerala State. Blood-fed Cq. crassipes female mosquitoes were collected from outdoor 
resting habitats by using hand catch method during dusk hour and also by using drop- 
net method. A total of 28 blood-fed Cq. crassipes were smeared and agarose gel 
diffusion method was used to identify blood meals from these mosquitoes. Sera were 
tested against the anti-sera to cow, pig, duck, goat, fowl and human. Results revealed 
that Cq. crassipes is an ornithophilic mosquito since 46.3% (fowls 3296. ducks 14.3%) 
of the Cq. crassipes had fed on birds. Only one specimen had fed on cattle. The 
blood meals of half of the Cq. crassipes mosquitoes collected remains unknown. 
Coquillettidia crassipes may play a role as enzootic vectors in the maintenance of 
arthropod-borne viruses during inter-epidemic period in an enzootic cycle involving 
birds as amplifying hosts. © 2004 Association for Advancement of Entomology 


KEYWORDS: Coquillettidia crassipes, blood meal. ornithophilic 


The knowledge of mosquito host relationship is very important to understand the 
epidemiology of mosquito-borne diseases of man and animals for which these 
insects serve as vectors (Hess er al., 1968). Thus. identification of blood-meals in 
haematophagous arthropods is an important tool in epidemiological investigation of 
vector-borne diseases (Savage ef al., 1991). 

The subperiodic strains of Brugia malayi is also transmitted by Cq. crassipes 
in South Asia (White, 1989). The blood meals of Cq. crassipes were analyzed, as 
only very few reports are available on the feeding pattern of Cq. crassipes, one of 
the vectors of sub-periodic form of Brugian filariasis (White, 1989). Coquillettidia 
crassipes is distributed in India, Sri Lanka, China, Ryukyu Islands and the Philippines 
and New Guinea, Australia and the South Pacific Islands (Darsie and Pradan, 1990). In 
India, Cq. crassipes is common in the Punjab and eastwards to Assam (Barraud, 1934) 
and found breeding in permanent and semi-permanent ponds containing aquatic plants 
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such as Pistia and Eicchornia from which they obtain air for respiration by inserting 
the modified siphons into submerged roots and stems (Tanaka et al., 1979). 


The present study was carried out from June 1998 to January 2001 in Kuttanadu 
region of Kerala, which forms the interface of marine, estuarine and fluvial systems 
representing a highly complex ecosystem. Most of the area is lying below mean sea 
level and remain waterlogged for most part of the year. 


Coquillettidia crassipes could be collected from outdoor resting places in very low 
numbers, which formed only 1.0596 (109 numbers) of the total mosquitoes collected 
in the dusk collections. But Culex tritaeniorhynchus (66.9%) the major vector 
of Japanese encephalitis, Mansonia annulifera (396), Mansonia indiana (8%), and 
Mansonia uniformis (9.6%) the vectors of filariasis were collected in good numbers 
in the dusk collections (Arunachalam et al., 2004). Fully engorged mosquitoes were 
collected from vegetation and bushes by using drop- net method (De Zulueta, 1950). 
Similarly in addition to the major vectors of Japanese encephalitis and filariasis, blood- 
fed Cq. crassipes females were also collected, though in few numbers, from outdoor 
resting habitats only. Stomach contents of 28 blood-fed Cq. crassipes were smeared 
on Whatman No.1 filter paper strips, dried, and stored at 4 ^C. 

The agarose gel diffusion method (Collins er al., 1986) with minor modifications 
as described by Reuben er al. (1992), was used to identify blood-meal source. Anti- 
sera to cow, pig, duck, goat, fowl and human were procured from the Serologist, 
Government of India, Kolkata, India and used for the tests. 

Outdoor resting habit of Cq. crassipes showed its exophillic and exophagic 
behaviour. The results of the precipitin tests revealed that Cq. crassipes is ornithophilic 
in nature since 46.3% of them had fed on birds (fowls 32%, ducks 14.396) which 
were mainly reared in the backyard of many houses. Of the total collections only one 
specimen was found fed on cattle. Thus Cq. crassipes showed a preference for avian 
rather mammalian hosts as also seen in Cq. perturbans (Murphy et al., 1967). Another 
50% (14 numbers) could not be identified with all the 6 antisera tested and remains 
unknown. 


In Paupua New Guinea, only 3 numbers Cq. crassipes were collected which showed 
bird and dog feeding (van den Hurk et al., 2003). Thus in other places also the density 
of these mosquitoes were very less compared to what was recorded here. Similarly, 
Edman (1971) identified blood meals of Cq. perturbans as avian and mammalian 
blood. Coquillettidia perturbans (Walker) was implicated as a bridge vector for 
Eastern Equine Encephalomyelitis virus in North America for the transmission from 
the bird/Culiseta melanura (Coquillett) cycle to susceptible dead-end hosts like horses 
and exotic birds such as emu and pheasant (Bosak et al., 2001). This study also 
revealed the ornithophilic behaviour of Cq. crassipes. Japanese encephalitis is a 
zoonotic disease, prevalent in this area and the life cycle of JE virus involves the birds 
as the maintenance host. Hence, Cq. crassipes, ornithophilic species of mosquitoes 
may play a role as enzootic vectors in the maintenance of arthropod-borne viruses 
during inter-epidemic period in an enzootic cycle involving birds as amplifying hosts 
(Sardelis et al., 2001). Since less number of Cq. crassipes were collected, virus 
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isolations could not be attempted. However, JE virus was isolated from Mansonia 
mosquitoes, which are considered as "bridge vectors’ in JE virus transmission in 
the same study area (Arunachalam er al., 2002). Along with Mansonia species, Cq. 
crassipes may also play a role as bridge vectors because of its high ornithophilic 
feeding habit. Further more work is to be carried out on this particular species of 
mosquitoes to validate the role of Cq. crassipes in JE virus transmission. 
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ABSTRACT: Nine guava cultivars, Psidium guajava L. were screened against the fruit 
fly, Bactrocera correcta Bezzi. The cultivar Lucknow-46 was classified as very resis- 
tant and Chittidar as highly susceptible. © 2004 Association for Advancement of Entomolog: 
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Guava fruits are damaged by a variety of insect species. Among them, fruit flies 
cause major havoc to the crop, reducing both quality and quantity of fruits. The 
principal species that attack guava fruit includeBactrocera correcta, B. zonata. B. 
dorsalis, and B. diversa. Of these, D. correcta is common in Tamil Nadu and the 
yield loss varies from 60-90%. Insecticidal treatment to control the fruit flies is 
discouraged due to the serious health hazards and mammalian toxicity. Alternative 
methods for fruit fly control include the use of attractant traps (Steiner, 1965; Tan, 
1985), habitat manipulation and orchard design (Ahuja, 1994), use of plant growth 
regulators (Greany, 1994), growing of insect resistant cultivars (Rana et al., 1990) 
and use of insecticides of plant origin (Stark et al., 1990). The present study was 
undertaken to assess the scope of host plant resistance in integrated pest management 
for B. correcta. 

The screening of nine guava cultivars for resistance to guava fruit fly B. correcta was 
carried gut in a guava orchard of Anbil Dharmalingam Agricultural College Research 
Institute, Thiruchirappalli for three seasons during 1994 and 1995 with all regular 
agronomic practices and under insecticide free environment. In every picking, 50 
fruits collected from all directions and at different heights of a tree constituted one 
replication. Three such replications were maintained and per cent fruit damage was 
worked out every fortnight . The experiment was conducted in completely randomized 
design and the data were transformed into arc sine values for statistical analysis. 

Screening was carried out in the kharif season which coincided with the peak 
activity of fruit fly. The first screening was conducted during 1994 where the per 
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TABLE 1. Mean per cent fruit damage in different guava 
cultivars 


Cultivar Mean per cent fruit damage 
(Values given are arcsine transformed) 7 
Kharif 1994 Kharif 1995 Mean 


ACIO |^ —— 309 2781 15.45 


Allahabad 29.75 38.70 34.23 
Anakapalli 28.30 32.72 30.51 
Bangalore round 3.66 35.63 19.65 
Bapatla 27.46 31.73 29.60 
Chittidar 40.87 62.13 51.50 
Hafsi 4.92 35.25 40.17 
Lucknow — 46 0.57 0.57 0.57 
Lucknow - 49 3.09 52.48 27.79 
SE( +) 1.94 4.17 3.06 
CD at 5% 4.04 8.84 6.44 


cent damage in the cultivars ranged from 0.57 to 40.87 per cent. Second screening 
was conducted during kharif 1995 where the per cent fruit damage in the cultivars 
ranged from 0.57 to 62.13 per cent (Table 1) The fruit fly population was generally 
high during the second year, i.e. Kharif 1995, causing greater damage. In both 
seasons, Lucknow-46 cultivar scored consistently less damage and chittidar scored 
the maximum (62.13%) damage. 

Although, some other cultivars (A.C.10, Bangalore Round, Hafsi and Lucknow 49) 
also scored comparatively lower damage during the first year, they suffered higher 
damage in the second year. The performance of the least susceptible Lucknow - 46 
and the highly susceptible Chittidar was consistent in both the years. Further studies 
are suggested to confirm these findings. 
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ABSTRACT: Female genitalic structures of two species of subgenus Lutzia 
Theobald of genus Culex Linnaeus, viz, Culex (Lutzia) fuscanus Wiedemann 
and Culex (Lutzia) halifaxii Theobald have been described and illustrated. 
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Collection cum survey tours were conducted in different localities of North-West 
India to study the mosquito fauna. As many as 57 species referable to various genera 
were identified and studied for different morphological attributes including external 
genitalia. Out of these two species belonging to subgenus Lutzia Theobald of genus 
Culex Linnaeus were identified as L. fuscanus Wiedemann and L. halifaxii Theobald 
with the help of keys given by Barraud (1934) and by comparison from museum of 
Zoological Survey of India, Kolkata. Keeping in view the taxonomic significance of 
the genitalic attributes, the authors have made detailed observations on the structure 
of female genitalia in the present communication for the first time. Descriptions of 
the male genitalia of these two species is already known. The terminology for naming 
constituent parts of the female genitalia was followed from Hara (1957, 1959) and 
Harbach and Knight (1980). 

The species under study were collected from various state of North-West India using 
the suction-tube method. Larval and pupal collections were made from coolers, tree 
holes, domestic containers and ponds and pools in both forests and plain areas using 
a dropper. These were reared in field laboratory until adult emergence. Adults were 
killed with ethyl acetate vapours before being pinned and preserved in air tight insect 
cabinets. For the removal of female genitalia, the last two segments of the abdomen 
were snipped off with fine forceps. These abdominal tips were placed in 10% KOH 
solution and were boiled for 2-3 minutes, the unwanted parts were then removed, 
potashed material was properly dehydrated and cleared in clove oil. These genitalic 
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structures were then transferred in mounting medium on glass slide and covered by 
cover slip. Drawings were made with the help of a graph eye piece under binocular at 
different magnifications. 

Subgenus Lutzia theobald 

Theobald, 1903, Monog. Culic, 3: 155. 


Type species 


Lutzia bigoti Theobald. 


Distribution 


Africa; Central and South America; Oriental region. 


Culex (Lutzia) fuscanus Wiedemann (Figs 1—4) 
Wiedemann, 1821, Dipr. Exot. 1:9. 


Female genitalia 


Cerci short and plumpy; postgenital plate conical with rounded apex, setosed with 
16 long setae and numerous microsetae; tergum IX band like, bearing 2 submedian 
groups of 6-8 setae; sigma membranous; cow] with chitinous margin; spermatothecal 
eminence indistinct; horse shoe structure not swollen medially; insula setosed with a 
group of 16 setae; 3 spermatothecae present. 


Material examined 


Punjab: Patiala, 6.X.1997, 1g, 21.XII.1997, IS 8.X1.1998, 399, 48 d. 


Old distribution 
India: North West and North East India. 


Culex (Lutzia) halifaxii Theobald (Figs 5-8) 
Theobald, 1903, Mon. Cul., 3: 231. 


Female genitalia 


Cerci plumpy, somewhat swollen apically; postgenital lobe tongue like with rounded 
tip, setosed with 6 pairs of setae pointing caudally apart from few setae of moderate 
size and numerous microsetae; tergum IX band like bearing submedian group of 7-8 
minute setae on either side of mid line; insula with a group of 16 long setae; sigma 
membranous; cowl well sclerotized; atrial plate present; horse shoe structure swollen 
at many points throughout length; 3 spermatothecae present. 
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Figure 1—.Culex (Lutzia) fuscanus Wiedemann: 1. Female genitalia: 2. Postgential lobe: 3. Tergum-IX; 
3. Terminalia. 
Abbreviations 
i - cowl CE -  Cercus SP -  Spermatotheca 
INS — Insula HSS  - Horse shoe structure IX-Te =~ — Tergum IX 
PGL  -  Postgenital lobe SIG — Sigma 


Ta J. S. Kirti and J. Kaur 


Figure 5-8. Culex (Lutzia) halifaxii Theobald: 5. Female genitalia; 6. Postgential lobe: 7. Tergum-IX: 
8. Terminalia. 
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Material examined 


Uttaranchal: Dehradun, Sodhiwal, 12.VH.1999, io, Io’, Mussoorie (2150 mts), 
13.V11.1999, 400, Ag g'. 


Old distribution 


India: Assam, Himachal Pradesh, Nilgiri Hills, Uttaranchal. Outside India: Hongkong; 
Japan. 
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ABSTRACT: The susceptibility of neonate larvae of the American bollworm, Helicov- 
erpa armigera collected trom different localities in north India to Bacillus thuringien- 
sis var. kurstaki HD-1. in September 2001 ranged about four-fold (LCsg 96 h from 
127.5-546.4 ug endotoxin 17! diet) for cotton ecosystem. The LCoo of B. thuringien- 
sis var. kurstaki HD-1 for different populations ranged from about 951 to 13, 125 ug 
endotoxin 17! diet, with a mean of about 5.200 ig endotoxin 17! diet. The narrow 
range of variation in susceptibility could be due to limited genetic variation of H. 
armigera in cotton ecosystem. These results could be used as baseline standards for 
monitoring H. armigera resistance to B. thuringiensis var. kurstaki HD-1 for cotton 
ecosystem. © 2004 Association for Advancement of Entomology 


KEYWORDS: American bollworm, Helicoverpa armigera (Hübner), Bacillus 
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The American bollworm, Helicoverpa armigera (Hübner) is the most important pest 
of cotton in India and elsewhere. It infests leaves, flowers and bolls, especially bolls. 
It causes direct significant loss of cotton productivity requiring control measures in 
as many as 24 countries (Ridgeway et al., 1984). In view of economic importance of 
cotton, about 50 per cent of insecticide usage is directed for the control of bollworms, 
especially H. armigera. However, the insect pest has developed resistance to almost 
all Kinds of insecticides (McCaffery, 1999), 

Bacillus thuringiensis is a soil inhabiting, spore-forming, Gram positive bacterium 
pathogenic to insects. It is highly safe to the environment (Entwistle ef al., 1993), 
Hence, it 1s widely used for the control of insect pests of agriculture, forestry and 
public health. There are more than 63 different serovars of B. thuringiensis (Thiery 
and Frachon, 1997). B. thuringiensis var. kurstaki HD-1 is the most widely used strain 
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for control of lepidopteran insects and is recommended for the integrated management 
of H. armigera (Butter et al., 1995; Puri et al., 1998; Gujar et al., 2000b). In India, 
the usage of B. TERNS has increased from about 30 in the early 1990s to 
about 120 tons mum a enr b About a dozen B. thuringiensis products like 
Bioasp®, Biobit® , Biolep Dipel® , Halt’ are being used for the control of 
lepidopteran ieee: especially H. armigera and the diamondback moth, Plutella 
xylostella. Besides, plant incorporated protectants like B. thuringiensis transgenic 
crops are developed, especially using B. thuringiensis genes like cryJ Ab and cryIAc. 
B. thuringiensis transgenic-cum-herbicide tolerant cotton was cultivated on 4.6 million 
hectares area globally in 2002 (James, 2002). 


One of the ecological implications of extensive use of B. thuringiensis as a 
conventional insecticide or through transgenic technology is the development of 
resistance in insects. P. xylostella has already developed resistance to B. thuringiensis 
under field conditions in many countries (Gujar and Mohan, 2002; Mohan and Gujar, 
2002). Similarly, it is suspected that H. armigera may also develop resistance to 
B. thuringiensis. Gujar et al. (2000a) reported a wide range of variation in the 
susceptibility of H. armigera collected from different localities in the country to the 
discriminating concentrations of B. thuringiensis var. kurstaki HD-1 and HD-73. This 
paper describes, therefore, variation in susceptibility to B. thuringiensis var. kurstaki 
HD-1 of H. armigera populations collected from the cotton ecosystem of the North 
India. 


Larvae of H. armigera were collected from cotton fields from different locations, 
Sirsa (29 32 N, 75 07E) in Haryana; Abohar's suburbs including Kalatibba and 
Chakkatibba (30 18N, 74 22E) and Bathinda (30 12N, 74 57E) in Punjab and 
Ganganagar (29 49N, 73 50E) in Rajasthan in September-October, 2001. The larvae 
were collected from farmers fields heavily treated with insecticides in view of 
unusually high infestation on cotton in the year 2001. The larvae mostly in the last 
instar stage were fed on cotton until pupation in the laboratory. 


The adults emerging from pupae were offered 10 per cent honey solution fortified 
with multivitamins throughout their egg-laying period. Five pairs of adults were kept 
in each jar. The eggs laid on the cotton cloth were kept in separate jar at 27?C 
moistened with water. The neonate larvae on egg hatching were considered belonging 
to Fı generation and were used for bioassays. 


Acetone powder of spore and crystal complex of B. thuringiensis var. kurstaki 
HD-1 (4D4) originally received as a gift from Bacillus Genetic Stock Center, 
OSU, Columbus, USA, was prepared using procedure described by Dulmage et 
al. (1970). The endotoxin in the acetone powder was separated on discontinuous 
sodium dodecyl sulphate-polyacrylamide gel electrophoresis with 8 per cent resolving 
gel, using Genei Mini Dual electrophoresis model (Laemmli, 1970) and identified 
by comparing with known protein molecular weight markers. Quantification was 
done by eluting Coomassie Brilliant Blue R-250 dye from band with bovine serum 
albumin as a standard as described by Ball (1986). The endotoxin and spore counts 
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of B. thuringiensis var. kurstaki HD-1 preparation were found as 124.34 ug and 
89.3 x 10!" 100 mg" !, respectively. 

Chickpea-based meridic diet used for bioassays was essentially that of Nagarkatti 
and Prakaash (1974), with some minor modifications. Bioassays were carried out 
by diet incorporation method as per Gujar er al. (20002) using acetone powder of 
spore-crystal complex of B. thuringiensis var. kurstaki HD-1. A series of different 
amounts of stock solution of acetone powder (in water) was added to an aliquot of 
warm diet (40 °C) before cooling, mixed thoroughly. and poured into small Petriplates. 
An aliquot of about 1 cm? was placed in a plastic container which served as one 
replication. About six concentrations were used for each bioassay, with at least five 
replications per concentration. The neonate larvae, ten, were released on treated 
diet per replication. The control consisted of normal meridic diet (without toxin). 
A minimum of 350 neonate larvae was used for each bioassay. The mortality was 
then pooled for each concentration. The concentrations showing corrected mortality 
between 20 and 80 per cent at 96 h were used for calculation of median lethal 
concentrations (LCso). The experiments with mortality of above 10 per cent in control 
were discarded and repeated. All bioassays were carried out at 27 °C and 60-80 per 
cent RH unless stated otherwise. 


The mortality data were analyzed by using maximum likelihood programme (Ross, 
1977). LCso were expressed in terms of ug endotoxin ]-! diet for 96 h period of 
bioassay. 

The variation in susceptibility of neonate larvae of H. armigera from cotton 
ecosystem to HD-1 was about four-fold with LCso ranging from 127.5 to 546.4 ug 
endotoxin 17! diet. The LCog of B. thuringiensis var. kurstaki HD-1 for different 
populations ranged from about 951 to 13 125 wg endotoxin 1^ !diet, with a mean of 
about 5,200 ug endotoxin I~! diet (Table 1). 


Studies carried out on baseline susceptibility to B. thuringiensis var. kurstaki 
HD-| of H. armigera showed a wide variation in insect response (Gujar et al., 
2000a). Chandrashekar et al. (2003) reported |4-fold variation (LCso 35-494 ug/l diet 
incorporation four-day assay) in susceptibility of H. armigera populations collected 
from various five localities in the country to B. thuringiensis var. kurstaki HD-l. 
Fakrudin et al. (2003) reported eight-fold variation (LCso 0.147—1.044 ug/ml cotton 
leaf-dip six-day assay) in susceptibility of twelve H. armigera populations from the 
South India to CrylAc. However, Kranthi er al. (2001) showed 67-fold variation 
(LCso 0.01-0.67 ug/ml diet five-day assay) in susceptibility of H. armigera from 
nine-localities in the country to Cryl Ac. Wu er al. (1999) reported about 100-fold 
variation in susceptibility of H. armigera from five ecological cotton areas in China to 
Cry1Ac. Interestingly, further studies on monitoring of insect susceptibility to Cry l Ac 
carried out for the populations sampled mostly from B. thuringiensis cotton fields by 
Wu et al. (2002) found only five-fold variation in ICso (a concentration producing 
50 per cent inhibition of larval development to third instar; with ICsoranging from 
0.020—0.105 ug/ml, 0.016-0.099 ug/ml and 0.016—-0.080 jzg/ml for 1998, 1999 and 
2000 insect populations, respectively). The possibility of Cryl Ac resistant larvae of 
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TABLE 1. Susceptibility of H. armigera to endotoxin of B. thuringiensis var. 
kurstaki HD-1 


Place of Dateof — Dateol LCsy Fiducial limits LCoọ 
collection collection bioassay (96h) (9566) (96 h) Slope + S.E. 
iig endotoxin 17 ! Lower Higher jg endotoxin 
diet 1! diet 
Sirsal Sept 5, Sept 26, 289.20 192.4 542.2 2694.34 1.32 + 0.38 
2001 2001 
Sirsa2 Sept 7, Sept28, 416.08 2563 1749.2 13124.74 0.85 + 0.28 
2001 2001 
Kalatibba Sept 4, Sept 26, 546.36 346.55 2004.9 8735.26 1.06 + 0.32 
2001 2001 
Chakkatibba Sept 4, Oct 1, — 212.60 130.9 339.5 2095.34 1.28 +0.36 
2001 2001 
Bhatinda Sept 19, Oct 10, 135.84 92.5 177.6 950.96 1.51 + 0.28 
2001 2001 
Ganganagar Sept 18, Nov ll. 127.51 240 222.8 3,587.59 0.88 + 0.33 
2001 2001 


H. armigera developing cross resistance to B. thuringiensis var. kurstaki HD-1 appears 
to be remote, in view of report of Akhurst and Liao (1996) who found only five- 
fold cross resistance of the Cry! Ac-selected 188-fold resistant larvae of H. armigera 
to Dipel*?, a commercial formulation similar to B. thuringiensis var. kurstaki HD- 
| that contains Cryl1Aa, Cryl Ab, Cryl Ac, Cry2A and Cry2B. It is thus likely that 
introduction of CrylAc transgenic cotton in India from 2002 may not significantly 
affect the susceptibility of H. armigera towards B. thuringiensis var. kurstaki HD-| 
based formulations. 


Dhawan and Simwat (1998) reported higher susceptibility of larvae of H. armigera 
collected from Bhatinda than from Ludhiana to the cotton leaves treated with 
equivalent concentration of 1.5 kg/ha of Dipel 8 L (B. thuringiensis var. kurstaki, a 
commercial formulation). The results of the present studies showed a narrow variation 
in susceptibility to B. thuringiensis var. kurstaki HD-1 of H. armigera, in contrast to 
results of the studies on populations collected from many localities in the country. 
In view of heavy infestation of H. armigera on cotton in 2001, the conventional 
insecticides were extensively used thereby eliminating any variation in their influence 
on the susceptibility of insects to B. thuringiensis var. kurstaki HD-1. Further, low 
variability in insect susceptibility may be due to less genetic differences of the insect 
populations in the cotton ecosystem of the North India. It is suggested that a mean 
LCoo of about 5,200 (or LCos 6,793 or LCoo 27,064) ug endotoxin 17! diet for 96 
h assay period could be used as a discriminating concentration for rapid monitoring 
of resistance in the field populations of H. armigera to B. thuringiensis var. kurstaki 
HD-1. 
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ABSTRACT: Present study reports the bioetficacy of different solvent extracts of 
Citrullus colocynthis seeds against pulse beetle Callosobruchus maculatus. Anti- 
oviposition, Fl adult emergence, ovicidal and repellent activity of the plant extracts 
were recorded on treated cowpea seeds of Vigna unguiculata. All the extracts showed 
significant effect. Maximum antioviposition activity was observed in petroleum ether 
extract (64.97%). Significant reduction in Fl adult emergence was recorded in 
petroleum ether (94.14 and 92.86 %) and ethyl acetate (93.29 and 93.26%) extracts 
respectively. High ovicidal activity was observed in petroleum ether extract (95.31%) 
followed by ethyl acetate extract (87.5%). C. colocynthis extract did not affect 
germination of seeds. © 2004 Association for Advancement of Entomology 


KEYWORDS: Citrullus colocynthis, biological activity, Callosobruchus maculatus 


Bitter apple, Citrullus colocynthis, belongs to the family Cucurbitaceae; it is a 
perennial herb having climbing stem; it contains various secondary metabolites, which 
are used to treat ascites, jaundice, urinary diseases and rheumatism (Chopra, 1933). 
The seed contains active principles of colocynth including a bitter amorphous alkaloid, 
resin and phytosterolin (ipuranol), 2 phytosterols, 2 hydrocarbons, saponin, alkaloid, 
poly saccharide or aclucoside, and tannin (Wealth of India, 1950). The pulse beetle 
Callosobruchus maculatus is a dominant stored product pest in tropical and sub- 
tropical regions, and attacks wide range of legumes (Giga and Smith, 1986). There 
is no earlier report on the biological activity of this plant extract against C. maculatus. 

Shade dried seeds were powdered using electric blender and 100 g of the powder 
was sequentially extracted with 500 ml of petroleum ether, ethyl acetate and alcohol 
at 12 h intervals and filtered. The solvent from the filtrate was evaporated using rotary 
evaporator to obtain solvent free residue. Appropriate concentrations (0.6, 1.25, 2.5 
and 5%) were prepared by mixing the residue with acetone and used for experiments. 
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No choice method was used for oviposition deterrent activity; for this cowpea seeds 
were cleaned and sterilized at 45 ?C for 6 hrs to Kill the eggs and developing larvae of 
C. maculatus. For each concentration, 250 cowpea seeds were taken in a conical flask 
and mixed with 2 ml of plant extracts and the seeds treated with acetone and untreated 
seeds were used as control. After solvent evaporation the seeds were divided into five 
lots each having 50 seeds and stored in plastic containers (8 x 6.5 cm); 5 pairs of 
newly emerged adult C. maculatus were introduced in to the plastic containers. After 
15 days, the adults introduced were removed and the number of eggs laid on treated 
and control seeds were recorded and the percentage of oviposition deterrence was 
calculated. The experimental set up was kept undisturbed till the emergence of FI 
adults from the treated seeds. The number of Fl adults emerged in each replication 
were recorded and the percentage reduction of Fl adult emergence was calculated. 
For the evaluation of ovicidal activity, three hundred cowpea seeds were taken in glass 
jar (17.5 x 8.5 cm) and 20 pairs of newly emerged adults were introduced. After 24 hr, 
250 seeds bearing eggs were removed from the glass jar and separated into five lots 
each having 50 seeds. Before treatment the number of eggs in each seed was counted; 
the seeds bearing eggs were treated with selected concentrations of the plant extracts 
and controls as mentioned earlier. After seven-days the hatched and unhatched eggs on 
treated seeds and control seeds were recorded and the percentage of ovicidal activity 
was calculated. Five replicates were maintained for each treatment. 


Multi-arm glass olfactometer with four arms projecting out (15 cm length and 2 cm 
diameter) with equal gap of 90° was used for repellency test. The end of each arm 
was fitted with a plastic container (8 x 6.5 cm). Filter paper strips (6 x 4 cm) were 
dipped with 596 concentration of the seed extracts and controls as mentioned earlier 
air-dried and placed in plastic jars of olfactometer and covered with muslin cloth. 
Fifty newly emerged adult C. maculatus were introduced into the central opening of 
the olfactometer. After | h, the number of beetles found in each jar was recorded and 
the percentage of repellency was calculated. 


For the impact of plant extract on germination, 1300 seeds were selected randomly 
and treated with different concentrations of plant extracts and controls as mentioned 
earlier. The treated seeds were placed in a petridish containing moist cotton wool 
and rewetted with distilled water. Percentage of seeds germinated was recorded after 
5 days and compared with control. The experiments were replicated four times for all 
concentrations with 25 seeds per replication. 


Mean and standard deviation were calculated for all the variables. Data from 
the experiments were subjected to two-way analysis of variance (ANOVA). Further 
the significant difference between the means was separated using Least Significant 
Difference (LSD) test. 


The results clearly indicated that petroleum ether extract of C. colocynthis seed had 
significant (P < 0.05) oviposition deterrent activity against C. maculatus (Table 1). 
Significant oviposition reduction was recorded in 596 concentration of petroleum 
ether extract (64.97%) followed by ethyl acetate (47.99%). Significant reduction in 
FI adult emergence was recorded in petroleum ether extract at 1.25% concentration 
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TABLE 1. Biological activity of Citrullus colocynthis seed extract against Calloso- 
bruchus maculatus 


Extract Petroleum ether Ethyl acetate Alcohol 


Oviposition deterrent activity 


Concen- No. of eggs 9b No. of eggs % No. of eggs % 
tration laid* reduction — laid* reduction laid” reduction 
0.6% 292.2 + 14.77 20.16 236.2 + 18.13^ 8.73 307 + 9.67* 1.16 
1.25% {72.24 13.57€ 52.95 231.8 + 10.46€ 10.43 277.6 + 16.36" 10.62 
2.5% 159.8 + 12.384 56.34 155.2 + 10.23% 40.03 244.2 + 15.22" 21.38 
5% 128.24 11.95€ 64,97 134.6 + 8.76° 47.99 187.44 11.744 39.67 
Control 366+ 26.719 — 258.8 + 19.319 — 310.64 11.354 — 
Fi Adult emergence 

No. of FI V2 No. of F1 To No. of FI % 
Concent- adults reduction adults reduction adults reduction 
ration emerged" emerged* emerged* 
0.6% 132.44 1.52% 42.98 72.64 3.72% 42.01 I41.42- 546^ 7.09 
1.25% 54 + 3.85* 76.74 36.2 + 6.11* 71.09 123.4 + 5.46 18.92 
2.5% 46.2 +4.26 80.1 26.4+2.654 78.91 70.2 + 8.574 — 53.89 
5% 13.6 + 3.26* 94.14 8.4 + 2.06* 93.29 34.2 + 2.48* 71.52 
Control 232.24 13.82" — 125.2 + 10.916 — 152.2 9.45q4 — 

Ovicidal activity 

Concent- No. of eggs % ovicidal No. of eggs % ovicidal No. of eggs % ovicidal 
ration hatched* activity hatched* activity hatched* activity 
0.6% 33.36 + 1.78? 4515 37.66 + 4.269 — 38.08 51.48 +4.86” — 15.35 
1.25% 18.91 + 3.84 68.91 19.76 + 4.15* 67.51 43.57 + 3.75" 28.36 
2.5% 9.03 + 1.807 — 85.15 11.24: 2.00" — 81.51 36.8874 3.774 — 39,38 
5% 2.85 + 0.66° 95.3] 7.60 + 1.09* 87.5 28.47 + 1.88* 53.19 
Control 60.82 + 1.889 — 60.82 + 1.888 — 60.82 + 1.88¢ — 


*Mean value of five-replication + SD. Within the column, different alphabets indicate statistically 
significant (P < 0.05) difference by LSD. 


(76.74%) and at 5% concentration (94.14%). Ethyl acetate and alcohol extracts 
exhibited the reduction of FI adult emergence at higher concentrations. Methanol 
and ethyl acetate extract of Azadirachta indica (Mahgoub, 1992), Lantana camara 
(Rahman and Schmidt, 1999) Vitex negundo, Cassia fistula (Raja et al., 2000) and 
Andrographis paniculata (Annie Bright et al., 2001) have been reported for the 
oviposition deterrence against C. maculatus. 

Repellent activity increases the potential value of the materials in protecting grains 
from the attack by stored product insect pest (Bekele ef al., 1997). In the olfactometer 
study the percentage of repellent activity was maximum in petroleum ether extract 
(50.16) followed by ethyl acetate extract (28.05). This plant extract possesses various 
biological activities against C. maculatus as has been reported for the first time. 
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ABSTRACT: Euproctis scintillans W. is an important polyphagous pest. It causes 
upto 40% damage to the foliage of Robinia pseudoacacia L. in some areas 
of Himachal Pradesh. Heavy attack during monsoons results in large defolia- 
tion of the trees. Biology of the insect and the external morphology of moth. 
pupa, larva and egg is described for the first time on this host in the study. 
© 2004 Association for Advancement of Entomology 
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INTRODUCTION 


Robinia pseudoacacia L. is an important multipurpose forest tree of Himachal 
Pradesh. It is known for its medicinal value and also as an important fodder tree. It 
is also being introduced as an agro-forestry species in some regions. During regular 
surveys the leaves of R. pseudoacacia were found damaged heavily by Euproctis 
scintillans W. Upto 40% defoliation was observed in some areas. Beeson (1941), 
Mathur and Balwant Singh (1954—61) and Browne (1968) have reported that the larva 
of this insect is polyphagous on the foliage of Acacia mearnsii, Acacia nilotica indica, 
Aesculus indica, Aleurites montana, Anacardium occidentale, Buchanania latifolia, 
bamboos, Cassia fistula, Castanea sativa, Dalbergia sissoo, Ficus bengalensis, Ficus 
glomerata, Havea brasiliensis, Lagerstroemia indica, Lantana aculeata, Mangifera 
indica, Pithecellobium dulce, Quercus incana, Shorea robusta, Tamarindus indica, 
Terminalia bellerica and Terminalia catappa. But the biology of this insect on Robinia 
pseudoacacia has not been studied so far and hence this research has been carried out. 

The biology of E. scintillans W. was studied under laboratory conditions at 
Himalayan Forest Research Institute, Shimla from June 2000 to January 2001. The 
eggs collected from the field were placed in beakers lined with moist filter paper 


*Corresponding author 


© 2004 Association for Advancement of Entomology 


86 S. Kalia and V. P. Pandey 


and covered from above with muslin cloth. The newly hatched larvae were daily 
transferred to different beakers with the help of a brush. Fresh tender leaves were 
provided to the first instar larvae every 24 hours. Larvae were observed daily and the 
data recorded on moulting, duration and size of each larval instar. Pupation and pupal 
period were also recorded. Observations were also taken on the emergence longevity 
and fecundity of the adults. Adults kept were observed for assessing mating, pre- 
oviposition and oviposition periods. 

Moth appeared in the month of September. Mating occurs after sunset. The 
preoviposition period lasted 9-12 hrs and then the adults started oviposition. A single 
female laid 10-205 eggs (Av. 123.3 + 12.6 eggs). Oval plate yellow (0.8 x 0.8 mm) 
and covered by pale greenish coloured mass of ovipositor scales. After hatching they 
turn white in colour. Incubation period lasted 3—5 years (4.30 + 0.48 days). Only one 
larva hatched from each egg (No. 100 eggs) first instar larva is very active yellowish 
brown in colour covered with dark coloured hair. Length 1.0 mm and breadth 0.3 mm. 
Head is dark brown colour. This stage lasted for 3-9 days (Av. 4.80 + 0.41 days) 
after which is moulted. Second instar larva is brownish yellow and very active larva. 
Length 5.0 mm and breadth 0.3 mm. Black tuff of hair present on the whole body. 
Head is dark with prominent mandibles. Total period of larval instar is 4—10 days (Av. 
5.2 +0.55 days). Third instar larva is brown coloured with a broad dorsal yellow stripe 
and black tuffs of hair on the whole body. Length 15 mm. Head dark reddish brown 
with prominent mandibles. Very active and voracious feeder. Moults in 4—11 days (av. 
4.9 +0.65 days). Fourth instar larva is voracious feeder, active, very hairy, dark brown 
with a series of crimson lateral tubercles on a yellow line bearing tufts of grey hair. 
Broad dorsal yellow stripe. A yellow spot on the anal somite and with prominent dark 
brown coloured mandibles 20 mm long and 0.8 mm broad. This stage lasts 6-10 days 
(7.9 + 1.0 days). Fifth instar larva is dirty brown in colour on the dorsal and cream 
in colour on the dorsal and cream in colour on the ventral surface. It is exactly like 
the fourth instar larva but its size increases in length 28-30 mm and 2 mm breadth. 
Head also dark reddish brown with prominent mandibles initially feeds voraciously 
but turns sluggish and stops feeding when fully mature. This stage lasts for 8-14 days 
(Av. 10.23 + 2.1 days). 


Pupa is light yellow initially and gradually change to reddish black in colour. 
Bilaterally symmetrical and elongated. Pre-pupal period lasts for 3-5 days (Av. 
4.3 + 0.56 days) and the average period for pupa to adult emergence was 10-18 days 
(Av. 16.39 + 2.0 days). 


The adult moths are brown and yellow coloured with a wing span of 3.5 cm Head 
yellow, thorax brown and abdomen brown. The anal tuft orange. Forewing vinous 
brown, irroated with dark scales, which colour extends as two spurs across the yellow 
margin. Costa often yellow. Hind wing fiscous brown with a broad dark yellow margin. 


In the laboratory the adult moths mated after sunset and laid eggs in groups usually 
on the leaves, covered by a large secretion of ovipositor scales. After the incubation 
period the eggs hatched and it was observed that only one larva hatched from each 
egg. There wasn’t a single case where the number increased [n = 100]. The first instar 
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larva remains on the outer edge of the egg shells exposed from the ovipositor scales 
for sometime and then within minutes craw! to the tender leaves and start feeding. All 
the instars except the last instar larvae which was sluggish and dull, feed gregariously 
on the leaves. The larva becomes immobile and inactive, stops feeding, shrinkage and 
thickening of body occurs before forming a pupa. The mature larva spins a silken web 
of creamish white colour entangling leaves along it forming a cocoon. The cocoon is 
greatly elongated, enclosed and fastened by silken threads and leaves. On emergence, 
the adults remained inactive with wings compressed for 1-2 hours. The life cycle from 
egg to adult was 58.02 + 0.69 days. 
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ABSTRACT: New food plants of 13 cassidine species have been recorded. 
They belong to four families. Convolvulaceae. Amaranthaceae, Meliaceae and 
Rhamnaceae. It has been noted that those cassidines, which live on Convolvu- 
laceae with hairy leaves, have extra long setae on the distal part of hind tibiae. 
© 2004 Association for Advancement of Entomology 


KEYWORDS: Convolvulaceae, Amaranthaceae, tibial hairs, cassidines, host records 


Cassidinae commonly known as tortoise beetles. are the most specialised of the 
chrysomelid subfamilies (Jolivet and Verma, 2002). Some record of food plants of 
Indian cassidines is available in Maulik (1919), Rawat and Bodi (1972): Pajni and 
Bansal (1977); Takizawa (1980); Visalakshi er al. (1980); Verma and Shrivastava 
(1985), George and Venkataraman (1987). Borowiec (1999); Borowiec et al. (2001) 
and Swietojanska (2001). But the data available in this respect, is scanty. Hence we 
are presenting here observations on food plants of cassidines made during our field 
work. 

Observations have been made in the field in and around the twin city of Durg—Bhilai 
(Chhattisgarh, India). Most observations have been repeated in laboratory by keeping 
the insects in glass jars with fresh leaves. 

Observations are summarised in Table 1. The following generalizations can be made 
with respect to the food plants of the various cassidine species studied. 

Aspidimorpha furcata (Thunberg). It feeds on both Convolvulaceae with smooth 
leaves as well as those with hairy leaves, but mostly on those with hairy leaves. In 
late October and early November, when the monsoon period is over and hairy leaf 
Ipomoea plants have dried up, the insect seems to shift from such plants to smooth leaf 
Ipomoea. The present observations as well as the data included in Borowiec (1999) and 
Swietojanska (2001) show that this species is oligophagous on Convolvulacea. 
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A. miliaris (Fabricius). When A. miliaris adults were kept with only hairy leaves of 
Convolvulaceae in a culture jar, they did not feed, and died. In the field, in the month 
of March, A. miliaris adults are sometimes seen on Amaranthus simplex. At that time, 
onset of summer diapause is quite evident in the insect. At the same time, leaves of the 
plant showed round fed away areas, similar to those made by A. miliaris in leaves of 
Ipomoea fistulosa. lt was, therefore suspected that the insect was feeding on the leaves 
of A. simplex. To confirm this A. miliaris adults were kept with A. simplex leaves in 
glass jars. They fed for a day or two on the leaves, and then feeding stopped. 

A. sanctaecrucis (Fabricius). Generally found on Ipomoea fistulosa and Ipomoea 
climbers with smooth leaves mostly in drier areas. This species may occur along with 
Aspidimorpha miliaris on an Ipomoea fistulosa plant, but this situation is rare. (Niche 
separation between the two species of Aspidimorpha has been described in detail by 
Verma and Shrivastava, 1985). It may be noted that A. sanctaecrucis is not found on 
Ipomoea species with hairy leaves. 

Conchyloctenia nigrovittata (Boheman). It feeds on various species of Convolvu- 
laceae with smooth leaves. An interesting fact is that it is generally associated with 
another cassidine, Rhytidocassis indicola (=Cassida indicola). Not only adults but 
also larvae, pupae and oothecae of the two species may be present together on the 
same leaf. Con. nigrovittata is commonly seen on the host plant upto 30 cm from the 
ground, and has been rarely observed above 60 cm. 

Cassida circumdata (Herbst). During summer, it lives mostly on /pomoea aquatica. 
During rainy season it is found on almost all Convolvulaceae with smooth leaves. 
During this period it prefers Ipomoea creepers and runners. In early winter it changes 
the host plants and shifts to Z. palmata, I. batatas and I. fistulosa, but in severe cold it 
not seen in the field. 

C. exilis (Boheman). During monsoon rains, this beetle is found on various 
Amranthaceae. During this period it may be feeding also on Zizyphus jujuba, but 
mostly on sweet varieties of the plant, and rarely on sour varieties. Developmental 
stages of the insect, however have not been observed on Zizyphus jujuba. On this plant 
host, C. exilis may be associated with Oocassida pudibunda. In early February and 
March, it is found mostly on Melingtonia hartensis. The insect could not be collected 
in mid and late summer. 

C. obtusata (Boheman). During monsoon rains, it could be observed on various 
members of Amaranthaceae. It could not be seen on any plant and in any other season. 

C. residua (Weise). It is found on Alternanthera tenella, growing near water and on 
the water plant Amaranthus philoxeroides. It only rarely occurs on species of Celosia. 
It actively feeds all through the year, except when it is very cold. (C. obrusata and C. 
residua have been synonymised by Borowiec, 1999. But we have repeatedly reared 
C. residua in culture jars, and have never found C. obtusata like individuals in the 
resulting progeny. However, their host plant ranges are very similar.) 

Chiridopsis promiscua (Boheman). Generally found on /pomoea fistulosa in drier 
area. In early winter it occurs also on Ipomea climbers and rarely on Z. palmata 
and Merremia species. It has never been found on Convolvulaceae with hairy 
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FIGURE 1. Hind leg of Aspidimorpha furcata. 


leaves. (Borowiec, 2001 has synonymised Ch. promiscua, Boheman with Chiridopsis 
bipunctata, Linnaeus.). 

C. nigropunctata (Borowiec and Ghate). Found on Convolvoulaceae with smooth 
leaves, including species of Ipomoea and Merremia. 

Glyphocassis trilineata (Hope). It occurs on various species of Convolvulaceae, 
both with smooth and hairy leaves. 

Oocassida pudibunda (Boheman). Generally found on sour fruit Zizyphus jujuba 
and less commonly on sweet varieties. It chooses young and tender leaves. 

Rhytidocassis indicola (=Cassida indicola) (Duvivier). Found on smooth leaf 
Convolvulaceae, generally upto the height of 60 cm from the ground, and rarely upto 
120 cm. 

Among the Convolvulaceae-feeding cassidine species studied, Glyphocassis trilin- 
eata and Aspidimorpha furcata both choose plants with hairy as well as smooth leaves, 
whereas the remaining species are confined to plants with non-hairy leaves. Choice of 
food plants by insects is determined by several factors (Remmert, 1980). But in the 
case of cassidines could some features of the leg structure be playing a role in the 
choice of hairy and smooth plants? In order to answer this question, we have exam- 
ined the hind leg structure of all the Convolvulaceae feeding cassidines, covered in this 
study, and the only difference, which has been noted, is that in the hairy leaf feeding 
species the hairs on the distal part of the tibia are longer, more numerous and present a 
denser arrangement than in the remaining species. (Figs 1 and 2). Perhaps such tibial 
hairs are helpful in moving on the velvety surface of a hairy leaf. 

Jolivet (1988, 1995) has pointed out that cassidines are mostly oligophagous and 
mostly feed on dicotyledons. Our observations agree with this. We could not collect 
any cassidine from a monocot. Jolivet (1988) has given a list of 21 angiosperm 
families on which cassidines have been recorded. In our area of collection we could 
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FIGURE 2. Hind leg of Rhytidocassis indicola. 
(N.B.: In either figure only those hairs have been shown which are present on the distal part of 
the tibia.) 


observe them only on 4 families, viz. Convolvulaceae, Amaranthaceae, Meliaceae and 
Rhamnaceae. 

Borowiec (1999) has recorded host plants of different cassidine species. For the 
species covered in the present study, the host plant list needs to be updated. The new 
host records are indicated in Table 1. 
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grown up larvae of the red hairy caterpillar, 
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ABSTRACT: A field trial was conducted in farmers’ fields for two years to test the ef- 
ficacy of some commonly used insecticides as baits to later instars of Red hairy cater- 
pillar. The experiment was conducted with nine treatments including untreated con- 
trol and replicated thrice. The insecticides used were monocrotophos, chlorpyriphos, 
quinalphos, methomyl, thiodicarb and carbaryl. Chlorpyriphos was found to be supe- 
rior in recording highest larval mortality. Monocrotophos, methomyl and quinalphos 
were also effective. Thiodicarb and carbary! were relatively less effective chemicals 
among the six insecticides used. © 2003 Association tor Advancement of Entomology 


KEYWORDS: Insecticidal bait, Red hairy caterpillar, later instar, larval mortality 


Groundnut is an important rainfed crop being grown over 10.0 lakh hectares in 
Anantapur district. For the past 10-15 years, The Red hairy caterpillar, Amsacta 
albistriga Walker (RHC) has been one of the major constraints to this crop in several 
places of the district particularly too in red soils. The moths emerge coinciding with 
monsoon rains and caterpillars cause damage by scrapping the leaves in early stages 
and devouring the foliage as they grow. 

Early instars (1 to HI) are susceptible to insecticides either dust or spray but grown 
up caterpillars are resistant to most of the conventional insecticides. Keeping this in 
view, an experiment was conducted in farmers! holdings for two years to evaluate the 
efficacy of six commonly used insecticides as baits against later instars. 

During kharif 2000, the trial was laid out in RBD with 9 treatments at two villages 
(Kunuthuru of Dharmavaram Mandal and Alamur of Ananatapur Mandal) during 
the months of August-September. Groundnut fields in which only later instar RHC 
are present were selected. Each treatment was imposed in one acre and replicated 
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thrice. The treatments were monocrotophos 36 EC (Nuvacron), chlorpyriphos 20 EC 
(Durban), quinalphos 25 EC (Ekalux) and methomyl 80 SL (Dunet). Composition of 
bait was ricebran, jaggery and the insecticide at normal dose (5 kg; 500 gms; 0.5 l/acre) 
and the double dose (10 kg; 1 kg; 1 l/acre). 

During 2001, RHC infested fields were selected at Rekulakunta of Bukkarayasamu- 
dram Mandal for the experiment. Thiodicarb and carbaryl were introduced in place of 
monocrotophos and methomyl. To reduce the cost of treatment, the quantity of in- 
secticides was reduced (Table 1). The quantity of rice bran was slightly increased to 
6 kg/acre. ; 

To prepare the bait, jaggery was made into pieces and boiled with some amount of 
water to melt. Rice bran was weighed, placed on a tarpaulin and the required volume 
of insecticide was sprinkled on it and mixed. The jaggery syrup was then added. The 
material was formed in the shape of some loose balls, flakes and also powder. 

Total number of caterpillars present in 2m ? areas was recorded at three random 
places. Then bait was applied and the larva mortalities were recorded after 3 days. 
Mean per cent larval mortalities were calculated and the data was subjected to RBD 
analysis. 

The per cent larval mortalities in different treatments are shown in the Table 1. 
During the first year, the highest per cent larval mortality was recorded with 
chlorpyriphos (97.22) at double dose (500 g a.i./ha). The nest best treatments were 
monocrotophos and methomyl at double dose (900 g and 600 g a.i/ha) which 
recorded 92.90 and 91.59 per cent larval mortalities respectively. At normal doses 
also the above three chemicals reduced the larval numbers to more than 70 per cent. 
Significant mortalities were recorded between the higher and lower doses of all the 
four chemicals tested (Table 1). Quinalphos was found relatively less effective among 
the four chemicals which recorded 87.23 and 84.18 per cent at higher and lower doses 
respectively. 

During the second year also chlorpyriphos occupied the first place by recording 
88.85 per cent larval mortality when used (9400 ml per acre. Quinalphos also gave 
good mortality (83.01 per cent) at 400 ml per acre. Thiodicarb and carbaryl were found 
relatively less effective chemicals. Untreated control recorded nil larval mortality. 

Larval mortality was gradually decreased with reduction in the quantity of chemical 
in all the cases. The fumigant action of chlorpyriphos, methomyl in addition to their 
contact and ingestion toxicites, may be the reason for their higher efficacy. While both 
Systemic and contact properties might make the monocrotophos as the effective one. 
The good response of quinalphos may be due to its knock down effect in addition 
to contact, stomach activities. Less efficiency of thiodicarb and carbaryl may be due 
to their type of formulation i.e. as they are dusts, their adherence to the particles or 
rice bran will be relatively un-uniform when compared to the liquid formulations. The 
Observations in the present study are in accordance with the reports of earlier workers 
in different moctuids. Rataul and Misra (1979) and Tiwari (1983) reported that 
spraying potato foilage and drenching the ridges with chlorpyriphos (Dursban) was 
effective against cut worms. Vijii and Bhagat (2001) stated that in maize plots where 
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TABLE |. Efficacy of commonly used insecticides at different doses as baits to 


RHC 
Sl.No.  Insecticide Year 2000 Year 2001 
 ajd/ha(g) Larval . aiha(g) Larval 
morality (%) morality (96) 

| Chlorpyriphos 500 97,224 200 88.85" 

2. Chlorpyriphos 250 88.854 100 83.16^ 

3, Monocrotophos — 900 92.90^ — — 

4. Monocrotophos — 450 86.944 -— - 

3i Quinalphos 625 87.234 250 83.01^ 

6. Quinalphos 312.5 84.184 125 69,72* 

7. Methomyl 660 91.59 5 

8. Methomyl 300 77.44* 

9, Thiodicarb 175 72,11€ 
10. Thiodicarb - 87.5 61.79% 
"n Carbaryl a -— 500 64.174 
12. Carbaryl — 250 57.38" 
13. Untreated 0.00 0.00/ 

Control 
S.Em+ 3.50 3.93 
C.D (0.05) 8.64 9.79 


The figures indicated by the same alphabet are not statistically 
significant at 5% level by DMR. 


seed was treated with chlorpyriphose Dursban), less infestation by the black cutworm, 
Agrotis ipsilon and high yield were recorded. Nair (1986) reported that the powerful 
contact insecticides may be used for the control of RHC. Abrol and Bhat (1996) 
reported that quinalphos and monocrotophos proved very effective against when tested 
along with cypermethrin and phosphmodon. Khurana (1996) stated Helicoverpa in 
tomato that carbaryl 50 WP when applied along with other dusts viz., fenvalerate 
0.4%, BHC 10%, methyl parathion 296, endosulfan 4%, proved not effective against 
Helicoverpa in chickpea. 

From the present findings it can be concluded that chlorpyriphos or quinalphos and 
monocrotophos can be recommended as baits to grownup RHC @ 250-450 g a.i/ha 
to reduce the larval numbers to more than 80 per cent. 
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